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ABSTRACT
The Cam brian s e c t io n  in  th e  s u b s u rfa c e  o f  s o u th e rn  
A lb e r ta  h a s  a maximum th ic k n e s s  o f  I 8 6 0 '.  I t  i s  composed 
o f  s a n d s to n e s , s h a le s ,  l im e s to n e s ,  and d o lo m ite s .
The g ran d  c y c le s  c h a r a c t e r i s t i c  o f th e  Cam brian 
s e c t io n s  in  th e  F o o t h i l l s  and F ro n t Ranges can  be t r a c e d
K
t o  some d is ta n c e  in  th e  s u b s u r f a c e .  However, th e  s e c t io n  
changes f a c i e s  e a s tw a rd s  i n t o  e l a s t i c s  and th e  g ran d  If
c y c le s  become l e s s  d e f in e d .  The p r e s e n t  c o r r e l a t i o n s  
in d ic a te  t h a t  th e  W aterfow l-A rctom ys g ran d  c y c le  e x te n d s  
to  th e  s u b s u r fa c e  b u t  i s  r e s t r i c t e d  t o  th e  n o r th w e s t  c o rn e r  
o f  th e  s tu d y  a r e a .
Two new s t r a t i g r a p h i e  u n i t s  have been  in fo rm a l ly  
d e f in e d  in  t h i s  s tu d y :  The Crow In d ia n  F o rm atio n  o f  f i n e
e l a s t i c s  and r e s t r i c t e d  t o  th e  s o u th e a s t  c o rn e r  o f  A lb e r ta .
I t  i s  e q u iv a le n t  t o  th e  C a th e d ra l ,  S tephen  and E ldon Forma­
t i o n s .  The second  u n i t  i s  th e  Sakwatamau Member o f  th e  E ldon 
F o rm a tio n , a c l a s t i c  and c a rb o n a te  d e l t a i c  u n i t  r e s t r i c t e d  t o  
th e  n o r th w e s t  c o rn e r  o f  th e  s tu d y  a re a .
The Cam brian se d im e n ts  w ere d e p o s ite d  in  a b ro ad  s h a l ­
low s h e lf - la g o o n  b o rd e re d  to  th e  e a s t  by th e  C anad ian  S h ie ld  
and to  th e  w est by a s h o a l ( th e  K ick in g  H orse R im ). F a c ie s  
and th ic k n e s s  o f  th e  Cam brian s e c t io n  w ere c o n t r o l l e d  by s i x  
p a le o g e o g ra p h ic  e le m e n ts : 1) The Peace  R iv e r  A rch , 2) th e
— i l  —
Sw eet G rass  A rch , 3) th e  W est A lb e r ta  RidgeT 4) th e  K ick in g  
H orse Rim, 5) a s h o a l  a re a  im m ed ia te ly  s o u th  o f  th e  Peace 
R iv e r  A rch , and 5) a  s h o a l a re a  im m ed ia te ly  n o r th  o f  th e  
Sw eet G rass  A rch . When c i r c u l a t i o n  in  th e  s h e lf - la g o o n  was 
r e s t r i c t e d ,  c a rb o n a te  d e p o s i t io n  d o m ina ted , e s p e c i a l l y  in  
th e  s h o a l a r e a s ,  and when open m arine  c o n d it io n s  p r e v a i le d ,  
d e p o s i t io n  o f  q u a r t z a r e n i t e s  and g la u c o n i t i c  s a n d s to n e s  to o k  
p l a c e .
Nine l i t h o f a c i e s  have  been  re c o g n iz e d ; 1) M o ttled  
d o lo m it ic  m udstones and w ac k e s to n e s ; 2) M udstones, wacke^ 
s to n e s ,  and p a c k s to n e s ;  3) G ra in s to n e s ;  4) C r y p ta lg a la m in a te s , 
c r y p ta lg a la m in a te  b r e c c ia ,  and a lg a l - la m in a te d  s e d im e n ts ;
5) F la t - p e b b le  c o n g lo m e ra te s ; 5) G la u c o n it ic  s a n d s to n e s ;  7) 
Q u a r tz a r e n i te s ;  8) H ybrid  sa n d s to n e s  o r  i ro n - fo r m a t io n s ,  and 
9) C o q u in as . T hese f a c i e s  r e f l e c t  d e p o s i t io n  in  e n v iro n m en ts  
ra n g in g  from  s u p r a t id a l  to  s u b t i d a l .  F a c ie s  a n a ly s i s  a l s o  
s u g g e s ts  t h a t  s to rm s p lay ed  a m ajor r o l e  d u r in g  th e  d e p o s i t io n  
o f  th e s e  s e d im e n ts .
D ia g e n e s is  ( in  b o th  e l a s t i c s  and c a rb o n a te s )  a p p e a rs  
t o  be th e  p ro d u c t o f  e a r l y ,  sh a llo w  f re s h w a te r  p h r e a t i c - ,  
m arin e  p h r e a t i c - ,  and m ix ing  z o n e s . D o lo m it iz a tio n  h a s  dev e­
lo p ed  in  th e  m ix ing  zo n e , a s  a r e s u l t  o f  p r e s s u r e - s o lu t io n ,  
a n d /o r  d o lo m i t iz a t io n  o f  g l a u c o n i t i c  i l l i t e s .  I l l i t e ,  k a o -  
l i n i t e ,  a u th ig e n ic  K - f e ld s p a r s ,  and q u a r tz  o v e rg ro ifth s  w ere 
form ed in  th e  m ix ing  zone d epend ing  on th e  /H+ and H^SiO^ 
a c t i v i t y  o f  th e  s o lu t i o n s .
-  I l l
F ib ro u s  c a l c i t e  cem ent was form ed in  th e  m a f in e - p h r e a t ic  
zo ne . B locky c a l c i t e  cem en t, s y n ta x i a l  rim s around  
ech inoderm  f ra g m e n ts , and f r a c t u r e - f i l l i n g  s p a r r y  c a l c i t e  
were p ro b a b ly  p r e c i p i t a t e d  in  th e  f r e s h w a te r  p h r e a t i c  
zone. S a d d le  d o lo m ite  o c c u rs  a s  b u r r o w - f i l l in g  and p o re -  
f i l l i n g  in  c a rb o n a te s  and a s  p o i k i l o to p i c  cem ent and in  
burrow s ( c o n c r e t io n s )  i n  s a n d s to n e s .  S ad d le  d o lo m ite  ( in  
c a rb o n a te s  and e l a s t i c s )  and c h l o r i t e  ( in  e l a s t i c s )  w ere 
p ro b a b ly  th e  l a s t  d ia g e n e t i c  p ro d u c ts  to  form  a t  deep  
b u r i a l  and h ig h e r  te m p e ra tu re s .
-  I V
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STRATIGRAPHY, SEDIMENTOLOGY, AND PETROLOGY 
OF THE CAMBRIAN ROCKS IN THE SUBSURFACE OF 
SOUTHERN ALBERTA, CANADA.
I .  INTRODUCTION:
The Cam brian s e c t io n  in  th e  s u b s u rfa c e  o f  s o u th e rn  A lb e r ta  
c o n s is t s  o f  s a n d s to n e s , s h a le s ,  l im e s to n e s , and d o lo m ite s .  I t s  
e ro s io n a l  edge su b c ro p s  a lo n g  a l i n e  s t r i k i n g  E-W, and i s  
ap p ro x im ate ly  p a r a l l e l  t o  to w n sh ip  75.
The Cam brian i s  n o t  p ro d u c in g  in  A lb e r ta  and c o n s e q u e n tly  
i s  th e  l e a s t  s tu d ie d  in  th e  g e o lo g ic a l  r e c o rd .  I t  i s  b e l ie v e d  
t h a t  th e  s tu d y  o f th e s e  ro c k s  would le a d  to  a b e t t e r  u n d e r ­
s ta n d in g  o f  th e  in c e p t io n  and e v o lu t io n  o f  th e  E lk  P o in t  B as in  
(Devonian) in  w hich th e  m ost p r o l i f i c  r e s e r v o i r s  in  W estern  
Canada have been d e p o s i te d .
The key o b je c t iv e s  o f  th e  p r e s e n t  s tu d y  a r e :
1) to  d i f f e r e n t i a t e  and c o r r e l a t e  th e  Cambrian ro c k s  in  th e  su b ­
s u rfa c e  o f  s o u th e rn  A lb e r ta .
2) to  e x p la in  th e  g e o lo g ic a l  h i s t o r y  and d e p o s i t io n a l  e n v iro n m e n ts .
3) to  d e s c r ib e  and i n t e r p r e t  th e  co m p o s itio n , t e x t u r e ,  and 
d ia g e n e s is  o f  th e s e  r o c k s .
AREA OF STUDY:
T h is  s tu d y  c o v e rs  th e  a r e a  betw een To^m ships 1 and 75, and
2 -
Range 1 W4M and w estw ard  t o  th e  l i m i t  o f th e  d i s tu r b e d  b e l t  
(F ig . 1 ) .
METHODOLOGY:
The w e ll  c o n t r o l  am ounts to  ab o u t 300 w e l ls  m ost o f  w hich 
a r e  c o n c e n tra te d  in  th e  n o r th w e s t c o rn e r  o f  th e  s tu d y  a r e a  ( F ig .2] 
C ores from 15 w e l ls  (A ppendix 1 ) (Approx. 1 5 0 0 ')  w ere d e s c r ib e d  
in  d e t a i l  f o r  th e  l i t h o lo g y  and se d im e n ta ry  s t r u c t u r e s .
Some 230 t h i n  s e c t io n s  w ere s tu d ie d  under th e  m ic ro sco p e  f o r  
a more d e ta i l e d  l i t h o l o g i c a l  d e s c r ip t i o n  and t o  h e lp  in  th e  s tu d y  
o f  d ia g e n e s is  and m ic ro fa c ie s  a n a ly s i s .  T hin  s e c t io n s  w ere 
s ta in e d  f o r  d o lo m ite  i d e n t i f i c a t i o n .  Dunham's (1962) c l a s s i f i ­
c a t io n  h a s  been u sed  in  th e  d e s c r ip t i o n  o f  c a rb o n a te  sa m p le s , 
and G i l b e r t 's  (1954) c l a s s i f i c a t i o n  h a s  been used  f o r  
s a n d s to n e s . A la r g e  number o f  sam ples was a l s o  s e le c te d  f o r  
SEM and m icrop robe  a n a ly s e s .
A number o f  t r i l o b i t e  and. b ra c h io p o d  fra g m e n ts  was . 
c o l l e c t e d  from  th e  c o re s  and h as  been  i d e n t i f i e d  by G il  R aasch , 
g e o lo g ic a l  c o n s u l ta n t  in  C a lg a ry .
A g r id  o f  t e n  r e g io n a l  and one a u x i l i a r y  s t r a t i g r a p h i e  
c r o s s - s e c t io n s  was made w hich h e lp e d  in  b re a k in g  down th e  
Cam brian s e c t io n  in to  a 'num ber o f  fo rm a tio n s . However, o n ly  th r e e
c r o s s - s e c t io n s  a re  in c lu d e d  h e r e in .  Sonic-garama r a y  and n e u tro n -  
gamma ra y  lo g s  w ere u sed  in  th e  c o n s tr u c t io n  o f  th e s e  c r o s s -  
s e c t io n s .
PREVIOUS WORK:
The e a r ly  Cam brian s tu d i e s  in  w e s te rn  Canada b e fo r e  1956
- 3 -
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F ig . 1 -  P h y s io g ra p h ic  s u b d iv is io n s  o f  W estern  Canada and 
l o c a t io n  o f  th e  s tu d y  a re a  (h a tc h e d ) .
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F ig .  2 -  L o c a tio n  o f  w e l ls  t h a t  p e n e tr a te d  th e  Cam brian in  th e  
s tu d y  a r e a ,  and lo c a t io n  o f  c r o s s - s e c t io n s .
5 -
have been  sum m arized by A itk en  (1 9 6 8 ).
R aasch and Campau (1957) s tu d ie d  th e  Cam brian b i o s t r a t i g ­
raphy  o f  th e  C a l i f o r n ia  S ta n d a rd  P a rk la n d  w e ll N o.4-12  and w ere 
a b le  to  e s t a b l i s h  some c o r r e l a t i o n s  w ith  th e  Cam brian s e c t io n s  
in  th e  M o un ta in s. T h e ir  s t r a t i g r a p h i e  s u b d iv is io n s  in  t h i s  w e ll  
form ed th e  b a s i s  f o r  a l l  su b seq u e n t c o r r e l a t i o n s .  Gussow (1 9 5 7 ), 
b a sed  on e rro n e o u s  b i o s t r a t i g r a p h ic  i n t e r p r e t a t i o n ,  p r e s e n te d  
c o m p le te ly  d i f f e r e n t  c o r r e l a t i o n s  o f  th e  same w e l l .  Van Hees 
(1959, 1964) ex ten d ed  th e  c o r r e l a t i o n s  to  th e  s u b s u r f a c e  o f  
A lb e r ta  and w e s te rn  Saskatchew an and p re s e n te d  maps and p r o f i l e s  
t h a t  show f a c i e s  changes o f  th e  Cam brian ro c k s . Fyson (1961) 
s tu d ie d  th e  Cam brian and O rd o v ic ia n  s t r a t i g r a p h y  in  s o u th w e s te rn  
Saskatchew an  and d iv id e d  th e  s e c t io n  i n to  th r e e  s t r a t i g r a p h i e  
u n i t s :  th e  low er Deadwood; th e  M iddle Deadwood; and th e  combined
Upper Deadwood and W innipeg u n i t s .  Suska (1963) s tu d ie d  th e  
Cam brian in  n o r th - c e n t r a l  A lb e r ta  and d iv id e d  th e  s e c t io n  in to  
e ig h t  l i t h o l o g i e  u n i t s  from  "a" to  "h " . A itk en  and G reggs (1967) 
p re s e n te d  a r e v i s io n  o f  th e  Upper Cam brian s t r a t i g r a p h y  o f  th e  
so u th e rn  Rocky M ountains o f  A lb e r ta .  A itk en  (1968) e x te n d e d  th e  
e s ta b l i s h e d  Cam brian n o m en c la tu re  o f  th e  M ountains to  th e  s u b s u r ­
fa c e  and p re s e n te d  c o r r e l a t i o n s  betw een th e  Cam brian s e c t io n s  o f  
th e  e a s te r n  F ro n t Ranges and th e  F o o t h i l l s  and Cam brian s e c t io n s  
b e n e a th  th e  P la in s .  He a l s o  em phasized th e  c y c l i c  n a tu r e  o f  th e s e  
se d im e n ts . Pugh (1971, 1973, and 1975) ex te n d e d  th e s e  c o r r e l a t i o n s  
th ro u g h o u t th e  su b s u rfa c e  o f  A lb e r ta  and n o r th e a s te r n  B r i t i s h  
C olum bia. He (1971) a ls o  e s ta b l i s h e d  two new fo rm a tio n s ;  th e
-  6
F innegan  and E a r l i e  F o rm a tio n s .
REGIONAL SETTING:
• The Cam brian in  W estern  Canada d is p la y s  t h r e e  f a c i e s  b e l t s  
(A itk e n , 1955) (F ig . 3 ) :  An in n e r  d e t r i t a l  b e l t ,  a m id d le
c a rb o n a te  b e l t ,  and an o u te r  d e t r i t a l  b e l t .  T hese t h r e e  b e l t s  
c o in c id e  a p p ro x im a te ly  w ith  th r e e  b io f a c ie s  rea lm s  d e s ig n a te d  
by Lochman-Balk & W ilson (1958) a s  Shallow  s h e l f ,  E x t r a c r a to n ic  
in te r m e d ia te ,  and E x t r a c r a to n ic  e u x in ic  b a s in s  r e s p e c t i v e ly .  
T e c to n ic a l ly ,  th e s e  b e l t s  a l s o  r e f l e c t  th r e e  t e c t o n ic  dom ains; 
c r a to n ic ,  m io g e o c lin a l  and e u g e o c l in a l ,  r e s p e c t iv e ly  (> '^^<^* ) •
The Cam brian in  th e  Rocky M ountains and F ro n t Ranges d is p la y s  a  
c y c l i c  p a t t e r n  o f  th e  in n e r  d e t r i t a l  and m idd le  c a rb o n a te  b e l t s  
fo rm ing  g ran d  c y c le s  (A itk e n , 1966). The th ic k n e s s  o f  th e s e  
c y c le s  i s  in  th e  o rd e r  o f  100-450 f t .
The e s s e n t i a l  c h a r a c t e r i s t i c s  o f  th e s e  g ran d  c y c le s  ( F ig .4) 
a s  p o in te d  o u t by A itken~.( 1981 ) arid from  th e  p r e s e n t  o b s e rv a t io n s  
a r e ;  l . T h e ir  b a se  i s  marked by a b ru p t a p p e a ra n c e  o f  t e r r ig e n o u s  
ro c k s  ( s h a ly  h a l f - c y c l e ) .
2. The s h a ly  h a l f - c y c l e  c o n s i s t s  o f m udrocks in te rb e d d e d  
w ith  l im e s to n e  and (o r )  s a n d s to n e .
3. The m id p o in t o f  th e  c y c le  i s  marked by th e  d isa p p e a ra n c e  
o f  m udrocks, a t  a g r a d a t io n a l ,  in te rb ë d d e d  c o n ta c t  
betw een th e  s h a ly  and c a rb o n a te  h a l f - c y c l e s .
4 . The c a rb o n a te  h a l f - c y c l e  c o n s i s t s  o f  v a r io u s  k in d s  o f
-  7 -
Q  Cratoni c t h a i v e s  
0  Ext r ac r a toni c  i n t a rmad ia t e
Q  Ex tr ac r a ton i c  euxinic
F ig . 3 -  L o c a tio n  o f  b i o f a c i e s ,  l i t h o f a c i e s ,  and t e c t o n ic  
b e l t s  in  N orth  Am erica d u r in g  th e  Cam brian ( a f t e r  Lochman- 
Balk & W ilson , 1958; A itk e n , 1955).
I / - 0 - .
1 ®  /
/ o
o
1 / y ? £ f a ,  |
. €>-‘S ’
^ . 4  - r r î i
DIACHRONOUS 
(Younger reward the crotoo)
F ig . 4 -  C h a r a c t e r i s t i c s  o f  a g ran d  c y c le  ( a f t e r  in fo rm a t io n  
in  A itk e n , 1981 and t h i s  s tu d y ) .
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l im e s to n e  and d o lo m itiz e d  e q u iv a l e n t s .  M inor am ounts 
o f  c la y ,  s i l t ,  and q u a r tz  sand  may be p r e s e n t
5 . The c y c le  ends w ith  a b ru p t  re a p p e a ra n c e  o f  t e r r ig e n o u s  
m udrocks, th e  b e g in n in g  o f  th e  n e x t c y c le .
6 . Grand c y c le s  a re  d iac h ro n o u s  (younger tow ard  th e  c ra to n )
The fo rm a tio n a l  c o n ta c ts  a r e  u s u a l ly  p la c e d  a t  th e  to p s  o f
th e  c y c le s  o r  mid-way in  th e  c y c le  .
In  th e  s u b s u rfa c e  o f th e  P l a in s ,  th e  Grand C y c le s  can  be 
re c o g n iz e d  in  th e  w esternm ost w e l ls ,  th e  b e s t  exam ple b e in g  in  
th e  P a rk la n d  w e ll (F ig . 5 ) .  However, th e  c a rb o n a te  h a l f ­
c y c le s  change f a c i e s  e a s tw a rd s  to  e l a s t i c s ,  t h e r e f o r e ,  th e s e  
c y c le s  and th e  fo rm a tio n a l to p s  become d i f f i c u l t  to  r e c o g n iz e . 
F u r th e rm o re , in  p la c e s ,  th e  c a rb o n a te  o r  s h a ly  h a l f - c y c l e s  a re  
e i t h e r  a b s e n t  o r  v e ry  t h in .
A c o re  from  th e  Kaybob 5-35 w e ll  c o v e rs  th e  w hole A rctom ys- 
W aterfow l c y c le  (F ig . 6 ) .  The s h a ly  h a l f - c y c l e  (Arctom ys 
F o rm ation ) i s  composed o f  in te r la m in a te d  s h a le s ,  s i l t s t o n e s ,  
and v e ry  f i n e  g ra in e d  s a n d s to n e s . L am in a tio n  i s  u s u a l ly  
l e n t i c u l a r  w ith  o c c a s io n a l  p a r a l l e l  o r  wavy la m in a t io n . V e r t i c a l  
burrow s a r e  abundan t and b io tu r b a t io n  i s  common. T here  i s  
o c c a s io n a l  s o f t  sed im en t d e fo rm a tio n  and mud c ra c k s  s p e c i a l l y  
n e a r  th e  b a s e .  The change to  th e  u p p e r c a rb o n a te  h a l f - c y c l e  
i s  a b r u p t .  C arb o n a te s  a r e  m ain ly  d o lo m it ic  p e lo id a l  m udstones 
and o o l i t i c  g r a in s to n e s .  The l a t t e r  i s  more common n e a r  th e  
to p  o f  th e  c y c le  and a s s o c ia te d  w ith  c r y p ta lg a la m in a te s .
C A L I F O R N I A STANDARD PARKLAND NO. 4 - !2
15 - 2 7  W 4M  J
cc u
E/k Pr. Elk Pt. Elk Pt.
Pika M.El don
Stephen
F ig . 5 -  S u b d iv is io n s  o f  th e  P a rk la n d  4-12 w e ll  by d i f f e r e n t
a u th o rs
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1 0 5 5 0
1 0 5 6 0
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1 0 5 9 0
1 0 6 0 0
10630
1 0 6 40
1 0 6 5 0
1 0 6 6 0
1 0 6 7 0
1 0 6 8 0
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DEADWOOD/SULLfVAN
It.gy., mica,  feld.  
vf, A, P, qz,  feld.
It .bm.yy., mica 
dk.gy. ,  bik., mica  
tt.yy.
=  dk.gy.
WATERFOW L-ARCTOMYS
ft.gy, grainatone, vuggy por. 
(cryptalgalaminates?) 
peloidal mudstone
vf, silt,  A, W, feld.
pelo ida l  m uds tone  
peloidal  ooli t ic muds tone
peloida l  muds tone ,  qz, feld.
It.brn.gy., grn.
grn.gy.,  brn.gy.  
grn.gy.
grn.gy.  
red ,  grn., gy.
red,  vf, sltt-
gm .
Is. congL
PIKA
F ig . 6 -  Core lo g  show ing th e  c h a r a c t e r i s t i c s  o f  th e  W aterfow l- 
Arctom ys g ran d  c y c le  in  th e  5-35-52-18W 5 w e l l .
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F la t- p e b b le  co n g lo m e ra te s  a r e  common n e a r th e  b a se  o f  th e  
c a rb o n a te  h a l f - c y c l e .  C a rb o n a te s  c o n ta in  o c c a s io n a l  q u a r t z  
and f e ld s p a r  g r a in s .  The m ost common la m in a tio n  form s a r e  
f i a s e r ,  l e n t i c u l a r ,  and n o d u la r  la m in a t io n , and o c c a s io n a l  
s o f t  sed im en t d e fo rm a tio n  f e a t u r e s .  Burrows and o th e r  k in d s  
o f  la m in a tio n  ( e .g .  -wavy and p a r a l l e l )  a re  r a r e .
The c y c le  i s  o v e r l a in  by s h a le s  and d o lo m ite s  o f  th e  
S u l l iv a n  F o rm ation .
The Cam brian s e c t io n  in  th e  s u b s u rfa c e  o f  A lb e r ta  
(F ig . 7 ) h as  a maximum th ic k n e s s  o f  I860 ' in  (1 -6 -3 8 -1 5  W4),
The t o t a l  Cam brian iso p a c h s  show a th ic k e n in g  s t r i k i n g  E-W 
in  th e  m iddle o f  th e  s tu d y  a r e a  and th e  th in n in g  o f  th e  
Cam brian s e c t io n  to  th e  n o r th  and s o u th . The e r o s io n a l  edge 
ru n s  a p p ro x im a te ly  E-W n o r th  o f  Lac l a  B iche p a s s in g  th ro u g h  
L e s s e r  S la v e  Lake and G rande P r a i r i e .
STRATIGRAPHY;
The Cam brian in  th e  s u b s u r f a c e  o f so u th e rn  A lb e r ta  can  
be d iv id e d  in to  a number o f  fo rm a tio n s  and a number o f  
b i o s t r a t i g r a p h i c  u n i t s  (T a b le s  1 and 2 ) . The boundary  
betw een M iddle and Upper Cam brian s e r i e s  i s  u s u a l l y  ta k e n  a t  th e  to p  
o f  th e  Arctomys F orm atipn  w hich  ap p ro x im ates  th e  to p  o f  th e  
B o la s p id e l la  zone o r ,  when th e  A rctom ys i s  a b s e n t ,  th e  boundary  
i s  p la c e d  a t  th e  to p  o f  th e  P ik a  Form ation  w hich f a l l s  w i th in  
th e  B o la s p id e l la  zone .
In  e a r ly  Cam brian tim e  d e p o s i t io n  was c o n fin e d  to  th e
— 14 —
20
L E S S E R  S L A V E  LK.
75
EDGEEROSIO N A L
EDMONTON
50
30
CALGARY
1500
20
6 mil*»
1250
lOOO
U. S . A.
F ig . 7 -  T o ta l  Cam brian iso p a c h s
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T a b le  1
T A B L E  O F  F O R M A T I O N S  
( C A M B R I A N )
WEST
I iîQ  Zil
ORD.
UPPER
LYNX
SULLIVAN
WATERFOWL
ARCTOMYS
PIKAPIKA
ELDON
STEPHEN
CATHEDRAL
MT. WHYTE
BASAL
SANDSTONE
<  g
PC PC PC
(A f te r  A itk e n , 1958; A itk e n  and G reggs, 1967; Pugh, 1971, 
and t h i s  s tu d y ) .
- 16
T ab le  2 -  Cam brian B i o s t r a t i g r a p h i c  U n its*
S e r ie s S ta g e s F o s s i l  Zones
Trem peleauan S auk ia
Upper a P ty c h a s p is -P ro s a u k ia
Cam brian fd"x-H
g
F ra n co n ia n C onasp is
E lv in ia
A p h e la sp is
D re sb ac h ia n C re p ic e p h a lu s  !
C e d a ria  1
I!
B o la s p id e l la
§ B a th y u r i s c u s - E l r a th in a
M iddle -Pu
%
E h m an ie lla
Cam brian
a G lo s s o p le u ra
A l b e r t e l l a
P l a g i u r a - P o l i e l l a
Lower cfd B o n n ia -O le n e llu s
Cam brian
1
§
N e v a d e lla
F a l lo t a s p i s
* A f te r  A itk e n  (1981)
- 17
C o r d i l le r a n  tro u g h  ro u g h ly  c o in c id e n t  w ith  th e  p r e s e n t  day 
Rocky M ou n ta in s .
Few a tte m p ts  have been  made to  c o r r e l a t e  th e  Cam brian 
fo rm a tio n s  in  th e  s u b s u r fa c e  o f  th e  P la in s  w i th  th o s e  in  
o u tc ro p s  in  th e  Rocky M ounta ins and F ro n t Ranges o f  S o u th e rn  
A lb e r ta  ( e .g .  R aasch  and Campau, 1957; Gussow, 1957; van H ees, 
1959, and A itk e n , 1968). F ig u re  5 sum m arizes th e  Cam brian 
s u b d iv is io n s  in  th e  C a l i f o r n ia  S ta n d a rd  P a rk la n d  No. 4 -12  w e ll  
(4-12-15-27N 4) by th e  d i f f e r e n t  a u th o r s .
Much o f  th e  c o n fu s io n  in  th e  c o r r e l a t i o n s  r e s u l t e d  from  
c o r r e l a t i n g  l i t h o s t r a t i g r a p h i c  u n i t s  w ith  b i o s t r a t i g r a p h i c  
u n i t s .  F u rth e rm o re , f o s s i l s  a r e  r a r e  in  th e  s u b s u r f a c e  
C am brian se d im e n ts  and th e y  a r e  l im i te d  to  t r i l o b i t e s  and few 
b rac h io p o d s  w hich a re  ab u n d an t in  o n ly  few fo rm a tio n s  ( e .g .  
S tep h en  F o r m a t io n ) . . I n  th e  P a rk la n d  w a l l ,  R aasch  and Campau 
( 1957) p la c e d  th e  to p  o f  th e  M idd le  Cam brian a t  th e  to p  o f  a 
t h in  bedded l im e s to n e  c a r r y in g  t r i l o b i t e  g e n e ra  b e lo n g in g  to  
th e  Thom psonaspis fa u n iz o n e . The ran g e  o f  th e  Thom psonaspis 
fau n a  i s  n o t knovm, and i t  i s  no lo n g e r  c o n s id e re d  a s  a zone 
in  r e c e n t  l i t e r a t u r e .  A itk e n  (1968) c o r r e la t e d  th e  to p  
o f  t h i s  t h in  bedded l im e s to n e  w ith  th e  to p  o f  th e  P ik a  
F orm ation  in  o u tc ro p s ..  B ecause o f  th e  ab sen ce  o f  in d e x  f o s s i l s  
in  th e  s u b s u rfa c e  and th e  d i f f i c u l t y  o f d e te rm in in g  th e  
boundary  betw een th e  M iddle  and Upper C am brian, th e  boundary  
i s  p la c e d  t e n t a t i v e l y  a t  th e  to p  o f  th e  P ik a  F o rm a tio n  a s  
c o r r e la t e d  by A itk e n  (1968) in  th e  P a rk la n d  w e ll  and e q u iv a le n t  
s t r a t a .
1 8  -
The c y c l i c  n a tu r e  o f  th e  Cam brian d e p o s i t io n  and th e  
l i t h o l o g i e  s i m i l a r i t i e s  be tw een  th e  c y c le s ,  a s 'w e l l  a s  t h e i r  
s im i la r  s ig n a tu r e  on th e  g e o p h y s ic a l  lo g s ,  adds t o  th e  d i f f i ­
c u l t y  in  c o r r e l a t i n g  th e  s u b s u r f a c e  s e c t io n s  w ith  one a n o th e r .
The c o r r e l a t i o n s  in  t h i s  s tu d y  have been  b a se d  on 
g e o p h y s ic a l  lo g s  supp lem en ted  by l i t h o l o g i e  d e s c r i p t i o n s  from  
com m ercial lo g s  (m ain ly  C anad ian  S t r a t i g r a p h ie  l o g s ) ,  c o re  
d e s c r i p t i o n s ,  and d i t c h  sam ple d e s c r i p t i o n  from  a number o f  
w e l ls .  The Cam brian n o m en c la tu re  e s t a b l i s h e d  by A itk e n  (1968 , 
A itk en  and G reggs (1 9 6 7 ), and Pugh (1971) h a s  been  u s e d . 
However, n o ta b le  d i f f e r e n c e s  can  be  d e te c te d  on th e  s t r a t i g ­
r a p h ie  c r o s s - s e c t io n s  ( s e e  F ig s .  13, 16, 22, and 23) r e g a r d in g  
th e  d e f i n i t i o n  o f  th e  d i f f e r e n t  u n i t s .  F u rth e rm o re , th e  
F innegan  F o rm ation  (Pugh, 1971) was found to  be d i f f i c u l t  to  
c o r r e l a t e ,  t h e r e f o r e ,  th e  name h a s  been  d ropped .
F ig u re  8 shows th e  f a c i e s  r e l a t i o n s h i p s  in  th e  Cam brian 
in  th e  s u b s u r fa c e  o f  S o u th e rn  A lb e r ta .  The c y c l i c  n a tu r e  o f  
th e  Cam brian d e p o s i t s  i s  v i s i b l e  in  th e  w e s t. In  th e  s o u th ,  
th e  c y c le s  c o n ta in  t h i c k  c a rb o n a te  h a l f - c y c l e s  w hich a r e  m ain ly  
L im esto n es . In  th e  n o r th w e s t  c o rn e r  o f  th e  s tu d y  a r e a ,  th e  
c a rb o n a te  h a l f - c y c l e s  become more d o lo m itic  and t h in n e r .  The 
s e c t io n  changes f a c i e s  e a s tw a rd s  i n to  e l a s t i c s  and th e  g ra n d -  
c y c le s  become l e s s  d e f in e d .
- 19 -
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F ig . 8 -  Fence d iag ram  show ing f a c i e s  r e l a t i o n s h ip s  in  
th e  Cam brian in  th e  s u b s u r fa c e  o f  A lb e r ta .
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I I  DESCRIPTION OF FORMATIONS:
BASAL SArmSTOI^Œ UTJIT:
The u n i t  o v e r l i e s  d i r e c t l y  and unconform ably  th e  P re -  
cam brian  s u r f a c e .  I t  h a s  a maximum th ic k n e s s  o f  42 0 ' in  
(6 -1 4 -4 6 -9  W4). I t  t h in s  to  th e  n o r th ,  s o u th , and w e s t . The 
u n i t  i s  a b s e n t  in  1 0 -7 -1 -8 .W4 (F ig . 9 ) .
The u n i t  i s  composed m ain ly  o f  l i g h t  g r e y ,  y e llo w , and 
re d  s a n d s to n e , v e ry  f in e  t o  v e ry  c o a r s e ,  and c o n g lo m e ra t ic  in  
p la c e s .  T h ick  sa n d s to n e  beds a r e  o f te d  s e p a r a te d  by t h i n  
i n t e r v a l s  o f  in te r la m in a te d  s i l t s t o n e  and s h a le ,  w ith  l e n t i c ­
u l a r  and i r r e g u l a r  la m in a t io n . The m ost common se d im e n ta ry  
s t r u c t u r e s  in  th e  sa n d s to n e s  a r e  t ro u g h  c ro s s -b e d d in g  w ith  
burrow s and b io tu r b a t io n  in  p la c e s  e s p e c i a l l y  n e a r  th e  to p ,  and 
p la n e  la m in a t io n  which i s  u s u a l ly  due to  a l t e r n a t i o n  o f  c o a r s e r  
and f i n e r  g r a i n s .  C o n g lo m era tic  b ed s  a re  u s a l l y  found on to p  
o f  th e  P recam b rian  s u r f a c e .  C oarsen ing-upw ard  se q u en c e s  a r e  
corrroon in  p la c e s .
The B asa l S an d sto n e  u n i t  in  th e  s u b s u rfa c e  o f  th e  P la in s  
i s  l i t h o l o g i c a l l y  s im i la r  t o  th e  Gog Group o f  th e  Rocky Moun­
t a i n s  (A itk e n , 1968). The in fo rm a l name o f B a sa l S an d sto n e  i s  
r e t a in e d ,  how ever, b ecau se  i t  i s  d i f f i c u l t  to  u n d e rs ta n d  th e  
r e l a t i o n  betw een th e  two u n i t s .  B oth u n i t s  o v e r l i e  unconform ably  
th e  P recam brian  s u r f a c e  and a r e  o v e r l a in  by th e  M t. Whyte
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F ig . 9 -  B asa l S a n d sto n e  u n i t  iso p a c h s
-  2 2  -
F o rm a tio n . B oth u n i t s  o v e r l i e  unconform ably  th e  P recam b rian  
s u r f a c e  and a r e  o v e r la in  by th e  Mt. Whyte F o rm a tio n . The 
th ic k n e s s  o f  th e  B asa l S andstone  u n i t  a s  seen  on th e  iso p a c h  
map ( F ig .  9) t h in s  g r a d u a l ly  w estw ards and by e x t r a p o la t io n ,  
th e  u n i t  sh o u ld  wedge o u t in  th e  M o u n ta in s . However, th e  
th ic k n e s s  o f  th e  Gog Group may re a c h  up to  4500 ' in  th e  Rocky 
M oun ta in s (M ountjoy, 1962). The Gog Group and th e  B a sa l 
S a n d sto n e  u n i t  may r e p r e s e n t  two d i f f e r e n t  c l a s t i c  wedges 
d e p o s i te d  u nder s im i la r  c o n d i t io n s .
A itk e n  (1968) c o n s id e re d  th e  B asa l S an d sto n e  u n i t  to  
be  a s h o r e l in e  e q u iv a le n t  in  p a r t  t o  a r a d io a c t iv e ,  d ia c h ro n o u s , 
g l a u c o n i t i c  s h a le  and s i l t s t o n e  u n i t  t h a t  a ls o  o v e r l i e s  i t  
(M t. Whyte F o rm ation  o f  t h i s  s tu d y ) .
MOUHT WHYTE FORMATION:
The Mout Whyte Form ation  h a s  a maximum th ic k n e s s  o f  190' 
in  2 -1 7 -7 1 -1 8  W5 (F ig . 10 ). I t  t h i n s  b o th  t o  th e  s o u th  and e a s t .  
I t s  th ic k n e s s  changes i r r e g u l a r l y  in  th e  n o r th w e s t c o rn e r  o f  th e  
s tu d y  a r e a .  The fo rm a tio n  i s  e ro d ed  t o  th e  n o r th ,  a b s e n t  in  
1 0 -7 -1 -8  W4, and becomes a p a r t  o f  th e  E a r l i e  F o rm atio n  (T ab le  1) 
t o  th e  e a s t .
The Mount Whyte F orm ation  i s  composed m ain ly  o f  g la u c o ­
n i t i c  sa n d s to n e  in te rb e d d e d  and in te r la m in a te d  w ith  s h a le s .  
Q u a r tz a r e n i te s  o ccu r in  p la c e s .  A few  iro n - fo rm a t io n  ( ro c k s
23 -
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F ig . 10 -  Mount Whyte F o rm ation  iso p a c h s
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t h a t  c o n ta in  > 1 5 %  iro n )  b eds o cc u r n e a r  th e  to p  o f  th e  fo rm a tio n  
( e .g .  c o re  from  th e  G ate  1-34 w e ll  (F ig . 1 1 ) . They a re j. 
composed o f  h y b r id  m ix tu re s  o f  ech inoderm  p l a t e s  and s p i c u l e s ,  
c a lc a re o u s  and p h o s p h a tic  s h e l l  f ra g m e n ts , p i s o l i t e s ,  o o id s ,  
g la u c o n i te ,  q u a r tz  and f e ld s p a r  g r a i n s ,  and p h o s p h a tic  and 
g la u c o n i t i c  s a n d s to n e  ro c k  f ra g m e n ts .
The m ost common s e d im e n ta ry  s t r u c t u r e s  a r e  p a r a l l e l  
la m in a t io n , and b i o t u r b a t i o n . . T rough c r o s s - la m in a t io n ,  
l a d d e r - r ip p l e  l a m in a t io n /  ' and s o f t - s e d im e n t  defo rm a­
t io n  a r e  r a r e .  L am inated  and b io tu r b a te d  i n t e r v a l s  o f te n  
a l t e r n a t e .
The Mount Whyte F o rm atio n  and th e  B a sa l S an d sto n e  u n i t  
c o rre sp o n d  to  th e  low er h a l f  o f  u n i t  "a" o f  Suska (1 9 6 3 ), and 
to  th e  i n t e r v a l  c o r r e l a t e d  by van  Hees (1959, 1964) a s  th e  
A l b e r t e l l a  Zone, and a p a r t  o f  h i s  d ia c h ro n o u s  b a s a l  c l a s t i c  
f a c i e s .
In  th e  Rocky M o u n ta in s , th e  Mount Whyte F o rm a tio n  i s  
dom inated  by a v a r i e t y  o f  l im e s to n e s  in c lu d in g  d en se  l im e s to n e , 
c a l c a r e n i t e ,  and o o l i t e s .  Beds crow ded w ith  p i s o l i t e s  a r e  
v e ry  c h a r a c t e r i s t i c  o f  th e  fo rm a tio n , and m ost s e c t io n s  c o n ta in  
s t r o m a t o l i t e s  (A itk e n , 1968).
CATHEDRAL FORMATION:
In  th e  P a rk la n d  w e ll  (4 -12-15-27W 4), th e  C a th e d ra l  h a s  a 
maximum th ic k n e s s  o f  3 3 5 '.  The iso p a c h s  (F ig . 12 ) show a g e n e ra l  
th in n in g  to  th e  n o r th  and e a s t .  In  th e  e a s t  i t  becomes a p a r t  o f  
th e  E a r l i e  F orm ation  and t o  th e  s o u th e a s t  i t  form s a p a r t  o f
- 25 -
I M P E R I A L  E A S T  G A T E  
1 - 3 4 - 5 7 - 2 2 W 4
D # p t h
F * # t
7 0 2 0
7 0 3 0  -*
7 0 4 0
7 0 5 0
7 0 6 0
7 0 7 0
__
S T E P H E N
^  çO g r n . ( « l i t ) ,  d k . g y . ( s h ) ,  m i c a
MT.  W H Y T E
i r o n - f o r m a t i o n ,  r e d ,  h e m . ,  f o s s i l  
g r n . g y .
r ^ > o <  >  g r n . ,  v . f . ,  A, w ,  m i c a .
^  I t . g r n . ,  m , A - r ,  p
g r n . ,  v . f . ,  A, w
I t . g r n . b r n . ,  d k . g y . ,  m ,  A - r ,  w - p
d k . g y .  t o  b I k .  ( s h ) ,  I t . b r n .  ( s i l t )
^  D v  I t . g r n . ,  c ,  a - r ,  p
l a m i n .  d u e  t o  a l t e r .  c & f  g r a i n s  '
F ig . 11 -  Core lo g  o f  th e  Im p e r ia l  E a s t  G ate  1-34 w e l l .
Core shows an  i ro n - fo r m a t io n  bed a t  th e  to p  o f  th e  
fo rm a tio n  c a p p in g  a g l a u c o n i t i c  sa n d s to n e  s e c t i o n .  
The low erm ost 14 ’ o f  c o re  th ro u g h  q u a r t z a r e n i t e .
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F ig . 12 -  C a th e d ra l  F o rm ation  is o p a c h s .
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th e  Crow In d ia n  F o rm a tio n . In  th e  w e s t , th e  C a th e d ra l  
can  be d iv id e d  i n to  t h r e e  u n i t s :  A s h a le  u n i t  s e p a r a t in g
two l im e s to n e  u n i t s .  The low er lim e s to n e  u n i t  i s  more 
p e r s i s t e n t  e a s tw a rd  th a n  th e  up p er u n i t  and can  be r e c o g ­
n iz e d  u n t i l  th e  w hole fo rm a tio n  changes f a c i e s  t o  th e  
e l a s t i c s  o f th e  Crow I n d ia n  F o rm atio n  (F ig . 1 3 ) .
In  th e  P a rk la n d  w e l l ,  a s m a ll c o re  h a s  b een  c u t  
from  th e  C a th e d ra l  F o rm a tio n . I t  i s  a d o lo m it ic  m udstone 
to  p a c k s to n e  w ith  ab undan t b ra c h io p o d  and t r i l o b i t e  f r a g ­
m en ts , m o tt le d ,  s t y l o l i t i c ,  and h a s  n o d u la r  b e d d in g .
In  th e  Rocky M o u n ta in s , th e  C a th e d ra l  F o rm atio n  
i s  dom inated  by d o lo m ite -m o ttle d  m ic r i t e  w ith  common 
i n t r a c l a s t s  and a lg a l  p i s o l i t e s  (A itk e n , 1968 ). A t M t. 
E isenhow er, th e  c a rb o n a te  ro c k s  o f  th e  C a th e d ra l  a r e  i n t e r ­
ru p te d  by a t h i n  s h a le  member w ith  A l b e r t e l l a  (Ross Lake 
S h a le , R a s e t t i ,  1951). A t G host R iv e r , t h e r e , i s  a t h i n  
s h a le  member c o n ta in in g  G lo s s o p le u ra  (A itk e n , 1968). 
A l b e r t e l l a  fau n a  w ere re c o v e re d  from  th e  Mount Whyte in  
th e  P a rk la n d  w e l l  (R aasch and Campau, 1957), and G lo sso ­
p le u r a  fau n a  from  th e  S tep h en  F o rm atio n  (from  th e  W in d fa ll  
6 -36  w e l l ) .  T hese fa u n a s  i n d i c a t e  t h a t  .th e 'M t. W hyte, 
C a th e d r a l , a n d  S te p h e n 'F o rm a tio n s  a r e  younger in  th e  su b ­
s u r f a c e  th a n  in  o u tc ro p s .
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STEPHEN FORMATION:
The S tephen  F o rm atio n  h a s  a maximum th ic k n e s s  o f  175' 
in  5 -8 -2 8 -2 1W4. The iso p a c h s  show a th ic k e n in g  o r ie n te d  NW-SE 
(F ig . 1 4 ) . The .u n i t  t h in s  t o ' th e  n o r th  where i t  becomes 
e ro d ed  in  th e  v i c i n i t y  o f  .th e  .Peace R iv e r  A rch . I t  a l s o  
t h in s  t o  th e  w e s t .  E astw ard s  i t  becomes a . p a r t  o f  th e  E a r l i e  
F o rm a tio n , and s o u th e a s tw a rd s  i t  fo rm s a p a r t  o f  th e  Crow 
In d ia n  F o rm a tio n  (T ab le  I f  and F ig .  1 3 ) . In  t h e ■s u b s u r f a c e ,  
th e  S tep h en  F o rm ation  i s  composed o f  g l a u c o n i t i c  s i l t s t o n e  and 
(o r )  v e ry  f in e  g ra in e d  s a n d s to n e  in te r la m in a te d  w ith  s h a le .  The 
u n i t  c o n ta in s  more sand  to  th e  e a s t ,  and in  th e  w e s t , i t  c o n ta in s  
fevf c a rb o n a te  beds o f  d o lo m ite . T hese d o lo m itic  i n t e r v a l s  a r e  
u s u a l ly  g l a u c o n i t i c ,  have p o rp h y ro to p ic  t e x tu r e  (F ried m an , 1965), 
and abu n d an t ech inoderm  f ra g m e n ts . O ther c a rb o n a te  i n t e r v a l s  
o f  c ry p ta lg a la m in a te s  show in te r la m in a t io n s  o f  c a lc a re o u s  s i l t  
and s i l t y  d o lo m ite .
The m ost abu n d an t s e d im e n ta ry  s t r u c t u r e s  a r e  l e n t i c u l a r  
la m in a t io n , b io tu r b a t io n  and bu rrow s ( h o r i z o n ta l ,  v e r t i c a l ,  and 
U -sh a p ed ). Few p a r a l l e l  and tro u g h  c r o s s - la m in a t io n  a r e  a ls o  
p r e s e n t .
The S tephen  F o rm ation  c a r r i e s  th r e e  f a u n a l  z o n e s : G lo s s o -
p ie u ra  zo n e , B a th y u r is c u s  r o tu n d a tu s  zone , and E h m an ie lla  
b u x g e s se n s is  zone (R aasch , 1 9 8 4 ,m s .) .
The S tep h en  F o rm atio n  c o rre s p o n d s  to  th e  u p p e r h a l f  o f  
u n i t  ' a '  o f  Suska (1 9 6 3 ).
In  th e  Rocky M o u n ta in s , th e  S tep h en  F o rm atio n  was d e s c r ib e d
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F ig . 14 -  S tep h en  F o rm ation  iso p a c h s
- 31 -
by A itk en  (1968) a s  a r e c e s s iv e - w e a th e r in g  fo rm a tio n  o f  
s h a le s  and th in -b e d d e d  f la g g y  l im e s to n e s .  Beds o f  o o l i t e s  
and a lg a l  p i s o l i t e s  o c c u r in  th e  up p er h a l f  o f  th e  fo rm a tio n . 
L im e s to n e -p e b b le  co n g lo m era te  and a lg a l  s t r o m a t o l i t e s  a l s o  
o c c u r in  m ost s e c t io n s .
ELDON FORMATION AND THE SAKWATAMAU MEMBER (NEW) ;
The Eldon Form ation  h a s  a maximum th ic k n e s s  o f  492 ' 
in  2 -2 6 -1 2-1W5, i t  t h in s  e a s tw a rd  b e fo re  becom ing a p a r t  o f  
th e  E a r l i e  F o rm atio n . In  th e  s o u th e a s t  c o rn e r  o f  th e  s tu d y  
a r e a  i t  form s p a r t  o f  th e  Crow In d ia n  F o rm a tio n . I t  t h in s  
i r r e g u l a r l y  to  th e  n o r th  where i t  becomes e ro d ed  ( F i g .15 ) .
The Eldon i s  composed o f  l im e s to n e , s h a le ,  s a n d s to n e , 
and d o lo m ite . A c o re  from  4-12-15-27W 4 i s  a m o ttle d  d o lo m it ic  
m udstone to  w ackestone w ith  abu n d an t t r i l o b i t e  f ra g m e n ts . 
S ed im en ta ry  s t r u c tu r e s  a re  m ain ly  l e n t i c u l a r  and wavy la m in a t io n , 
th e  ro ck  i s  s t y l o l i t i c .
The to p  o f  th e  Eldon in  th e  P a rk la n d  w e ll  i s  p la c e d  a 
l i t t l e  h ig h e r  th an  was su g g e s te d  by A itk en  (1968) and Pugh
(1971) ( s e e  F i g . 16 ) .  I t  a p p e a rs  t h a t  th e r e  i s  a t h in  u n i t  n e a r  
th e  to p  o f  th e  Eldon w hich becomes more s h a ly  in  an e a s t e r l y . 
d i r e c t i o n .  T h is  u n i t  i s  v e ry  p e r s i s t e n t  and may r e p r e s e n t  a 
g ran d  c y c le  t h a t  can  be re c o g n iz e d  o v e r a v e ry  l a r g e  a r e a .
In  th e  n o r th w e s t c o rn e r  o f  th e  s tu d y  a r e a ,  th e  E ldon can  
be re c o g n iz e d  a s  composed o f  two d i s t i n c t  u n i t s  (F ig . 1 7 ) :  The
u p p er u n i t  w hich i s  th e  g rand  c y c le  m entioned  ab ove , and a
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F ig . 15 -  T o ta l  E ldon F o rm ation  is o p a c h s .
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F ig . 16 -  S t r a t i g r a p h ie  c r o s s - s e c t io n  showing th e  c o r r e l a t i o n s  
betw een F o o t h i l l s  w e l ls  and th e  P a rk la n d  4-12  w e l l .
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F ig . 17 -  S t r a t i g r a p h i e  d i v i s io n s  o f  th e  Cam brian in  
th e  5 -3 5 -5 2 -18W5 w e l l .
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low er u n i t  composed o f  s a n d s to n e s ,  s h a le s ,  and d o lo m ite s , th e  
l a t t e r  may r e p r e s e n t  a s p e c i a l  k in d  o f  g ran d  c y c le  w ith  i t s  
" sh a ly "  h a l f - c y c l e  composed m ain ly  o f  s a n d s to n e s , and i t s  
c a rb o n a te  h a l f - c y c l e  composed m ain ly  o f  d o lo m ite s .
The low er u n i t  i s  m appable o v e r a l a r g e  a r e a .  S in c e  i t  
p o s s e s s e s  c h a r a c t e r i s t i c s  w hich  d i s t i n g u i s h  i t  from  a d ja c e n t  
p a r t s  o f  th e  E ldon F o rm a tio n , and b e c au se  o f  i t s  u s e f u ln e s s  in  
th e  i n t e r p r e t a t i o n  o f  th e  d e p o s i t io n a l  en v iro n m en ts  o f  t h i s  
p a r t  o f  th e  Cam brian s e c t io n  ( se e  th e  N. A m erican s t r a t i g r a p h i e  
co d e , 1983, p .8 5 8 ) ,  i t  i s  p ro p o sed  to  c a l l  t h i s  u n i t  th e  
Sakv/atamau Member o f  th e  E ldon F o rm a tio n , named a f t e r  th e  
Sakivatamau R iv e r . The ty p e  w e ll  i s  th e  F ina  Sakwatamau 10-21 , 
in  L sd. 10, S ec . 21, Twp. 62 , Range 15W5 M e rid ia n  w here th e  
u n i t  h a s  a maximum th ic k n e s s  o f  2 5 0 '.
D e ta i l s  o f  th e  w e ll  a r e :
K.B. E le v a t io n  
T.D.
S ta tu s  
Spud D ate  
R ig R e le ase d
3331'
11275' (P recam b rian )
D and A 
J u ly  14, 1976.
A ugust 29, 1976.
C u t t in g  sam ples a r e  s to r e d  a t  th e  ERCB c o re  
C e n tre , C a lg a ry , A lb e r ta .
The Sak\\ratamau Member e x te n d s  ro u g h ly  from  Twp. 70 to  
Twp. 35, and Range 14W4 to  th e  s i x t h  m e r id ia n . I t  t h in s  
in  a s o u th e a s te r ly  d i r e c t i o n ,  and i s  eroded  to  th e  n o r th  (F ig . 1 8 ) .
The member can  be d iv id e d  in to  an upper p a r t  and a low er 
p a r t .  The two p a r t s  c o rre sp o n d  to  S u s k a 's  'b '  and *c' u n i t s  
r e s p e c t i v e ly .  The low er p a r t  was c o r r e l a t e d  w ith  th e  S tep h en
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F ig . 18 -  T o ta l  Sakivatamau Member iso p a c h s  and th e  d i s t r i b u t i o n  
o f  f a c i e s  w i th in  th e  member.
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F o rm a tio n  and th e  upper p a r t  w ith  th e  c a rb o n a te  f a c i e s  o f  th e  
Eldon F o rm ation  by van  Hees (1959, 1954). The w hole member 
was c o r r e l a t e d  w ith  th e  E ldon F o rm atio n  by A itk e n  (1968) and 
Pugh (1971, 1973).
a .  The u p p e r p a r t  h a s  a maximum th ic k n e s s  o f  120 '
in  5-29-62-1W 5. I t  i s  composed o f  d o lo m ite , s a n d s to n e , w hich 
becomes g l a u c o n i t i c  e a s tw a rd s , and s h a le .  The d o lo m ite  edge ru n s  
ro u g h ly  E-W, n o r th  o f  w hich th e  iso p a c h s  show E-W t r e n d s  o f  
s a n d s to n e s  a n d /o r  d o lo m ite . S o u th  o f  t h i s  ed g e , th e  u n i t  i s  
m ain ly  s i l t s o n e  and s h a le .  The g la u c o n i te  l i n e  t r e n d s  N-S a lo n g  
Range 11W5, e a s t  o f  w hich s a n d s , s h a le s ,  and d o lo m ite s  may be 
g l a u c o n i t i c .
S a n d s to n e s  in  th e  up p er p a r t  a r e  r e d ,  g re e n , and y e llo w  
v e ry  f i n e  t o  v e ry  c o a rs e  g ra in e d  and h ig h ly  g l a u c o n i t i c  and 
in te r la m in a te d  w ith  s h a le .  The m ost common s e d im e n ta ry  s t r u c t u r e s  
a r e  l e n t i c u l a r  and f l a s e r  la m in a t io n , b i o tu r b a t io n  and b u rro w s, 
p a r a l l e l  and c ro s s - la m in a t io n s  a r e  p re s e rv e d  in  p la c e s .  L am in a tio n  
i s  u s u a l ly  due to  a l t e r n a t i o n s  betw een  g la u c o n i te  and san d  g r a i n s .  
These g l a u c o n i t i c  s a n d s to n e s  g ra d e  w estw ards i n to  q u a r tz  s a n d s , 
h ig h ly  d o lo m it ic  in  p a r t  and i n to  sandy  d o lo m ite  in  p l a c e s .
They c o n ta in  i n t e r v a l s  o f  c o q u in a  l im e s to n e  ( e .g .  in  5 -29-62-1W 5), 
o o l i t i c  g r a in s to n e  (F ig '. 1 9 ) ,  o r  re d  and g re e n  s h a le  w i th  ab undan t 
m u d -c rack s , r ip - u p  c l a s t s  ( e .g .  in  15-29-55-17W 5), and abundan t 
t r i l o b i t e  fra g m en ts  in  p la c e s .
b . The low er p a r t  o f  th e  Sakwatamau Member h a s  a maximum 
th ic k n e s s  o f  170' in  10-17-65-19W 5, and t h in s  i r r e g u l a r l y
- 38 -
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F ig . 19 -  Fence d iag ram  show ing f a c i e s  r e l a t i o n s h i p s  
in  th e  E ldon F o rm atio n  and th e  Sakwatamau Member.
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e a s tw a rd s  (F ig . 1 9 ) . The s a n d s to n e  body h a s  a . lo b a ta .'.g eo m etry . 
S an d sto n e s  a r e  w h ite , y e llo w , r e d ,  and g re e n ; in te rb e d d e d  w ith  
g re y , r e d ,  and g re e n  s h a le s  in  p l a c e s .  The m ost ab u n d an t 
s e d im e n ta ry  s t r u c t u r e s  a r e  t ro u g h  c r o s s - la m in a t io n ,  l e n t i c u l a r  
la m in a t io n , b u rro w s, and c o n v o lu te  la m in a t io n . L a m in a tio n  i s  
u s u a l ly  th e  r e s u l t  o f  a l t e r n a t i n g  c o a r s e r  and f i n e r  g r a i n s .
No e v id e n c e  o f  e x p o su re  h a s  been  se en  in  th e  low er p a r t  o f  
th e  member,
PIKA FORMATION;
The E ldon F o rm a tio n , a s  o r i g i n a l l y  d e f in e d  by W a lc o tt  
(1908, 1928), was r e s t r i c t e d  by D e is s  (1 9 3 9 ), who e r e c te d  th e  
P ika  F o rm atio n  f o r  th e  u p p e r , d a rk -w e a th e r in g , t h i n  bedded 
p a r t  o f  th e  o r i g i n a l  E ldon .
The P ik a  F o rm ation  in  th e  Rocky M ountains a s  d e s c r ib e d  
by A itk en  (1968) i s  a d a rk  w e a th e r in g  f la g g y  l im e s to n e  and 
d o lo m ite s , w ith  m inor i n t e r v a l s  o f  s h a le  n e a r  th e  b a s e .
In  th e  s u b s u r fa c e  o f  th e  P l a i n s ,  th e  P ik a  h a s  a maximum 
th ic k n e s s  o f  246’ in  11-13-15-9W 4. The iso p a c h s  show th ic k e n in g  
in  a  s o u th e a s te r n  d i r e c t i o n  ( F ig .  2 0 ) .  In  th e  s o u th ,  th e  u n i t  
t h in s  t o  th e  e a s t  and th e  so u th w e s t. E a s tw a rd s , th e  fo rm a tio n  
becomes a p a r t  o f  th e  E a r l i e  F o rm a tio n . Tlie P ik a  F o rm a tio n  in  
th e  s u b s u r fa c e  r e p r e s e n t s  a g ran d  c y c le  w ith  a low er s h a ly  
p a r t  and an up p er c a rb o n a te  p a r t .  However, t o  th e  s o u th  and s o u th ­
e a s t ,  th e  fo rm a tio n  becomes e n t i r e l y  c a rb o n a te s  w i th  few s h a le  
b e d s . In  th e  n o r th w e s t  c o rn e r  o f  th e  s tu d y  a r e a ,  th e  c a rb o n a te
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F ig . 20 -  P ik a  F o rm ation  iso p a c h s .
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h a l f - c y c l e  i s  m is s in g  and th e  A rctom ys s h a le s  r e s t  d i r e c t l y  
on th e  P ik a  s h a le s .  The d i f f e r e n c e  betw een th e  two s h a le s  
in  t h i s  a re a  i s  in  t h e i r  c o lo r ;  th e  P ika  s h a le s  b e in g  g re e n  
and th e  Arctom ys s h a le s  b e in g  re d  ( se e  c o re  from  th e  5-35  
w e l l ) .  Red c o lo re d  s h a le s  a r e  c h a r a c t e r i s t i c  o f  th e  A rctom ys 
in  th e  M ountains (A itk en  and G reggs, 1957, p . 1 6 ).
Only two sm a ll c o re s  w ere re c o v e re d  from  th e  P ik a  
F o rm ation ; one from  th e  Kaybob 5-35  w e ll w hich i s  g r e e n is h  
g re y  s h a le ,  s l i c k e n s id e d ,  w i th  few f l a t - p e b b le  co n g lo m e ra te  
i n t e r v a l s .  C la s ts  in  th e  c o n g lo m e ra te s  a r e  lim e  m udstone to  
p a c k s to n e , have d e s ic c a t io n  c ra c k s  and a re  c o a te d  w ith  a 
v e ry  t h in  f i lm  o f  a r g i l l a c e o u s  m a te r i a l  (p ro b a b ly  a l g a l  in  
o r i g i n ) .  The m a tr ix  betw een th e  c l a s t s  i s  a b i o c l a s t i c  
w ackestone  to  p a c k s to n e , w ith  t r i l o b i t e  and ech inoderm  f r a g ­
m ents and m ic r i t i z e d  p e lo id s .  In  a n o th e r  p la c e ,  th e  m a tr ix  
i s  p ro b a b ly  w h o lly  a lg a l  in  o r i g i n  w ith  i r r e g u l a r  l a m in a t io n .
The o th e r  c o re  from  th e  P a rk la n d  4-12  w e ll  i s  a  m o tt le d  
d o lo m itic  w ack esto n e , w ith  ab u n d an t t r i l o b i t e  f ra g m e n ts , 
se d im e n ta ry  s t r u c t u r e s  a r e  m a in ly  l e n t i c u l a r  and wavy la m in a ­
t i o n ,  and b i o tu r b a t io n s .  The ro c k  i s  s t y l o l i t i c .
ARCTOMYS AMD WATERFOWL FORMATIONS:
The Arctom ys and W aterfow l F o rm ations ( a s  d e f in e d  in  
t h i s  s tu d y )  w ere c o r r e la t e d  w ith  th e  P ika  F o rm ation  in  th e  
F ro n t Ranges by A itk en  (1968) and w ere t r e a t e d  a s  su ch  by 
Pugh (1971) in  h i s  c o r r e l a t i o n s  o f  th e  Cam brian F o rm a tio n s  in  
th e  s u b s u rfa c e  o f  A lb e r t a . However, th e  c o r r e l a t i o n s  e s t a b -
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l i s h e d  in  t h i s  s tu d y  s u g g e s t  t h a t  th e  Arctom ys and W ater­
fow l F o rm a tio n s  e x te n d  t o  th e  s u b s u r fa c e  o f  A lb e r ta  
e s p e c i a l l y  in  th e  n o r th w e s t  c o rn e r  o f  th e  s tu d y  a re a  (F ig s .  
21, 22, and 2 3 ) . The two fo rm a tio n s  a re  p ro b a b ly  e q u iv a ­
l e n t  t o  th e  low erm ost u n i t  ( u n i t  A) o f  th e  Deadwood Forma­
t i o n .  T h is  c o n c lu s io n  i s  s u p p o rte d  by th e  s t r i k i n g  
s i m i l a r i t i e s  betw een  th e  l i t h o l o g i e s  o f  th e  fo rm a tio n s  in  
th e  s u b s u r fa c e  and th o s e  in  o u tc ro p s .
The A rctom ys F o rm atio n  o f  th e  Rocky M ounta ins a s  
r e s t r i c t e d  by A itk e n  and G reggs (1967) i s  a r e c e s s iv e -  
w e a th e r in g  u n i t  o f  b r i g h t l y  c o lo re d  s h a le s ,  s i l t s t o n e s  and 
s u b o rd in a te  c a rb o n a te  r o c k s .  M ud-cracks a re  common in  th e  
s h a le s  and s i l t s t o n e s .  I n  th e  F ro n t  R anges, o n ly  sm a ll 
am ounts o f  d o lo m ite s  a r e  p r e s e n t  and a lg a l  s t r o m a t o l i t e s  
a r e  u s u a l ly  p r e s e n t  (A itk e n , 1958).
The W aterfow l F o rm atio n  (A itk en  and G reggs, 1967) 
i s  a r e s i s t a n t  s u c c e s s io n  o f  c a rb o n a te s  dom inated  by brown 
m ic r i t e  and g re y  c a l c i s i l t i t e s .  The s t r a t a  a r e  g e n e r a l l y  
d o lo m it ic ,  and commonly s i l t y  t o  v e ry  s i l t y .  O th e r l i t h o ­
lo g ie s  w hich  form  m inor c o n s t i t u e n t s  a r e  i n t r a c l a s t - s p a r i t e ,  
p e l l e t - s p a r i t e  l im e s to n e , b i o c a l c a r e n i t e s ,  and o o l i t i c  
l im e s to n e s .  F la t - p e b b le  c o n g lo m e ra te s  a re  s c a t t e r e d  
th ro u g h o u t ( i b i d . ) .
Tlie Arctom ys and W aterfow l w ere e n c o u n te re d  in  two 
c o re s  from  6-36-63-12W 5 and 5-35-62-18W 5, th e  l a t t e r  c o v e rs  
th e  w hole s e c t io n .
The c a rb o n a te s  o f  th e  W aterfow l in  th e  5-35 w e l l  a re
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F ig . 21 T o ta l  iso p a c h s  o f  th e  W aterfow l c a rb o n a te s .
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p e lo id a l  m udstone , o o l i t i c  g r a in s to n e ,  c ry p ta lg a la m in a te s  
and c r y p ta lg a la m in a te  b r e c c i a ,  w ith  o c c a s io n a l  s o f t -  
sed im en t d e fo rm a tio n  and s t y l o l i t e s .  T h is  i n t e r v a l  g ra d e s  
downwards i n to  c ry p ta lg a la m in a te s  and v e ry  t h i n  i n t e r v a l s  
o f  f i n e  g ra in e d  s a n d s to n e  o r  s i l t s t o n e  and f l a t - p e b b le  
c o n g lo m e ra te .
The W aterfow l c a rb o n a te s  g ra d e  down in to  e l a s t i c s . o f  
th e  Arctom ys F o rm a tio n . The u p p er p a r t  o f  th e  fo rm a tio n  
i s  g re y  in te r la m in a te d  s h a le  and s i l t s t o n e  w ith  l e n t i c u l a r  
la m in a t io n , c o n v o lu te  l a m in a t io n ,  r i p p l e  c r o s s - la m in a t io n ,  
s c o u r - a n d - f i l l  s t r u c t u r e s ,  and b u rro w s. T h is  i n t e r v a l  
g ra d e s  do^m in to  re d  s h a le  w ith  m u d -c rack s , s o f t - s e d im e n t  • 
d e fo rm a tio n , c o n v o lu te  l a m in a t io n ,  and s l i c k e n s id e s  (F ig .  6 ) .
The c o re  from  th e  6-36  w e ll  i s  s im i la r  t o  th e  c o re  
d e s c r ib e d  above.
DEADWOOD FORMATION:
TTie ty p e  l o c a l i t y  o f  th e  Deadwood F o rm ation  i s  in  
th e  B lack  H i l l s  o f  S o u th  D ako ta . The Deadwood F o rm atio n  
a s  exposed  in  th e  B lack  H i l l s  h a s  a maximum th ic k n e s s  o f  
a b o u t 4 5 0 ’ and c o n s i s t s  o f  ab o u t e g u a l th ic lm e s s  o f  w h i te ,  
re d  and brown g l a u c o n i t i c  s a n d s to n e  and g re y  f la g g y  l im e ­
s to n e  w ith  m inor in te r b e d s  o f  g re e n  and brown f i s s i l e  s h a le ;  
th e  l im e s to n e  i s  c h a r a c te r iz e d  by le n s e s  o f  f l a t - p e b b l e  
l im e s to n e  c o n g lo m era te  ( S te e c e ,  1978). In  th e  ty p e  l o c a l i t y ,  
th e  Deadwood in c lu d e s  th e  s e c t io n  betw een th e  P recam b rian
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s u r f a c e  and th e  b a se  o f  O rd o v ic ia n  d o lo m ite s . Fyson 
(1961) a p p lie d  th e  name Deadwood to  th e  s e c t io n  in c lu d in g  
th e  whole Cam brian se d im e n ts  and th e  low erm ost O rd o v ic ia n  
W innipeg F o rm ation  in  S aska tchew an . In  th e  s u b s u r f a c e  o f  
A lb e r ta ,  Pugh (1971) z e s t r i c t e d t h e  Deadwood F o rm a tio n  to  
th e  s e c t io n  betw een  th e  to p  o f  th e  P ik a  F o rm atio n  ( th e  
M id d le - and Upper Cam brian boundary ) and th e  C am brian - 
O rd o v ic ia n  b o u n d ary .
The Deadwood Form ation  (a s  r e s t r i c t e d  by Pugh, 1971) 
i s  composed p re d o m in a n tly  o f  in te rb e d d e d  s h a le s ,  s i l t s t o n e s ,  
and s a n d s to n e s  th ro u g h o u t much o f  A lb e r ta  s u b s u r f a c e .  Few 
th in  lim e s to n e  b ed s  a r e  in te rb e d d e d  w ith  th e s e  e l a s t i c s ;  
how ever, th e y  in c r e a s e  in  p r o p o r t io n  e a s tw a rd s . The l im e ­
s to n e  beds a re  u s u a l ly  c o q u in o id a l  w ith  ab u n d an t b ra c h io p o d  
and t r i l o b i t e  f ra g m e n ts , g l a u c o n i te ,  q u a r tz ,  f e l d s p a r  sand  
and s i l t  g r a in s ,  and p h o s p h a tic  f o s s i l  f ra g m e n ts . S a n d s to n e s  
a r e  u s u a l ly  d o lo m it ic  and g ra d e  i n to  sandy d o lo m ite  i n  p la c e s ,  
h ig h ly  f e l d s p a th i c  (up to  70% f e l d s p a r s ) ,  g l a u c o n i t i c ,  and 
m icaceous in  p l a c e s .  F la t - p e b b le  c o n g lo m e ra te s  a r e  a b u n d a n t, 
som etim es show ing c y c l i c  r e p e t i t i o n  w ith  s h a le  and i n t e r l a ­
m in a ted  s i l t s t o n e s  and s h a le s  (F ig . 2 4 ).
The Deadwood F orm ation  in  th e  s u b s u r fa c e  o f  th e  P la in s  
h a s  a maximum th ic k n e s s  o f  1130' in  13-36-35-2W 4. The 
fo rm a tio n  t h in s  t o  th e  n o r th w e s t ,  n o r th e a s t ,  and so u th w e s t 
(F ig . 2 5 ) . T h is  th in n in g  i s  p a r t l y  due to  d e p o s i t io n  and 
p a r t l y  to  e r o s io n .  The Deadwood Form ation  can  be d iv id e d
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F ig . 24 -  C ore lo g  o f  th e  S u l l iv a n  F o rm ation  from  th e  
W in d fa ll  12-35 w e l l .  N ote th e  abundance o f  f l a t -  
p e b b le  c o n g lo m e ra te s .
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F ig . 25 -  T o ta l  Deadwood F o rm atio n  and i t s  e q u iv a le n t s  
iso p a c h s  ( t h i s  map a l s o  r e p r e s e n t  th e  t o t a l  Upper 
Cam brian i s o p a c h s ) .
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in fo rm a l ly  in to  th r e e  m ain u n i t s ;  A, B, and^C, w hich can  
be c o r r e l a t e d  on th e  g e o p h y s ic a l lo g s  o v e r  th e  e n t i r e  s tu d y  
a re a  (F ig s .  22 and 2 3 ). To th e  w e s t, th e  Deadwood can  be 
t r a c e d  in to  i t s  e q u iv a le n ts  th e  A rctom ys, W ate rfo w l, and 
S u l l iv a n  F o rm a tio n s , and th e  Upper Lynx U n it (F ig s .  22 and 
23).
SULLIVAiJ FORMATION:
In  th e  m ou n ta in s , th e  S u l l iv a n  F o rm atio n  (a s  r e s t ­
r i c t e d  by A itk en  and G reggs, 1967) c o n s i s t s  o f  s h a le s  w ith  
s u b o rd in a te  in te r b e d s  o f  l im e s to n e . The s h a le s  a r e  g re e n ­
i s h  g r e y ,  o l i v e ,  b row nish  g re y , and commonly c a lc a re o u s .  
L im esto n es  a r e  p red o m in an tly  b i o c a l c a r e n i t e  w i th  m inor 
i n t e r v a l s  o f  o o l i t e s  and m ic r i t e s .  G la u c o n ite  i s  g e n e r a l ly  
ab u n d an t a lo n g  th e  M ountain F ro n t .  F la t - p e b b le  c o n g lo m era tes  
form  a sm a ll p ro p o r t io n  o f  th e  S u l l iv a n  F o rm a tio n . The fauna 
o f  th e  S u l l iv a n  Form ation  be lo n g  to  low er and m idd le  C e d a ria  
su b zo n es  o f  th e  Upper Cam brian D re sb ac h ia n  S ta g e  (A itk en  and 
G reg g s , 1967, p . 2 7 ).
In  th e  s u b s u rfa c e  , th e  S u l l iv a n  F o rm atio n  i s  s t r i k i n g ­
l y  s im i l a r  in  co m p o sitio n  to  th e  Deadwood F o rm atio n  d e s c r ib e d  
ab ove . However, th e  p r e s e n t  c o r r e l a t i o n s  ( F ig s .  22 and 23) 
s u g g e s t  t h a t  th e  S u l l iv a n  F o rm ation  and th e  o v e r ly in g  Upper 
Lynx U n it  a r e  e q u iv a le n t  to  u n i t  B o f  th e  Deadwood F o rm atio n .
- 51
UPPER LYNX UNIT:
The Upper Lynx o f  th e  F ro n t Ranges was d e s c r ib e d  by
A itk en  and G reggs (1967, p . 42) a s  a r e s i s t a n t  u n i t  o f
c a rb o n a te  ro c k s  w ith  m inor s i l t s o n e s  and c a rb o n a te s  w hich  
o v e r l i e  th e  S u l l iv a n  F o rm a tio n , The c a rb o n a te s  a r e  two 
k in d s ;  la m in a te d  ( a lg a l - ty p e  la m in a t io n ) ,  o r  c r y s t a l l i n e  
(A itk e n , 1968).
The Upper Lynx c a rb o n a te s  e x te n d  in to  th e  s u b s u r f a c e  
o n ly  in  th e  n o r th w e s t  c o rn e r  o f  th e  s tu d y  a r e a ,  w i th  a 
maximum th ic k n e s s  o f  300 ' in  th e  W in d fa ll  12-36 w e ll  (F ig . 
2 6 ) . In  t h i s  a r e a ,  th e  U pper Lynx u n i t  i s  th e  h ig h e s t  u n i t  
in  th e  Cam brian s e c t io n  and i s  o v e r l a in  by M iddle  D evonian 
s e d im e n ts . E a s tw a rd s , th e  u n i t  changes f a c i e s  i n to  th e  
Deadwood e l a s t i c s  and m inor c a rb o n a te s  (F ig s .  22 and 2 3 ) , 
and i s  o v e r l a in  by th e  Deadwood u n i t  C.
C ores show t h a t  th e  u n i t  in  th e  n o r th w e s t  c o rn e r  o f
th e  s tu d y  a re a  i s  composed o f  in te r m o t t le d  d o lo m ite  and
d o lo m it ic  m udstone , o r  p e lo id a l  and p i s o l i t i c  ru d s to n e  w ith  
c l a s t s  up to  13 mm, and few  i n t e r v a l s  o f  o o l i t i c  g r a in s to n e .  
Few f l a t - p e b b le  co n g lo m e ra te  i n t e r v a l s  a r e  a s s o c ia te d  w ith  
g re e n  and re d  s h a le s  and c ry p ta lg a la m in a te  i n t e r v a l s  a r e  
a ls o  p r e s e n t .
EARLIE FORMATION:
The w hole o f  th e  M iddle  Cam brian s e c t io n  chan ges
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F ig . 26 -  Upper Lynx u n i t  t o t a l  iso p a c h s .
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f a c i e s  e a s tw a rd  in to  a seq u en ce  o f  in te rb e d d e d  g la u c o ­
n i t i c  s i l t s t o n e  and f i n e  g r a in e d  s a n d s to n e s , and s h a l e s .  
T h is  u n i t  o v e r l i e s  th e  B a sa l S an d sto n e  u n i t  and u n d e r l i e s  
th e  Deadwood F o rm ation  (Pugh, 1971) (F ig s .  13 and 2 3 ) .
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CROW INDIAN FORMATION (NEW):
The Crow In d ia n  F o rm atio n  i s  a name p ro p o sed  f o r  a t h ic k  
s e c t io n  in  th e  s o u th - e a s t  c o rn e r  o f  th e  s tu d y  a re a  w here th e  
C a th e d ra l ,  S te p h en , and E ldon  F o rm a tio n s  form  one t h i c k  u n i t  
and can  n o t  be d i f f e r e n t i a t e d .  The name comes from  a la k e  o f 
th e  same name in  To^m ship 5 , Ranges 13 and 14W4M.
The u n i t  h a s  a  maximum th ic k n e s s  o f  530 ' in  th e  B .A .H .B . 
V e rd g ris  N o.7-26  (7-26-3-14W 4M ). D e ta i l s  o f  th e  w e ll  a r e :
(F ig . 2 7 ) .
3 0 8 2 '.
6 3 2 7 '.
D and A.
Ju n e , 20, 1961.
J u ly ,  28, 1961.
C u t t in g  sam p les  a r e  s to r e d  a t  th e  ERCB c o re  
C e n tre , C a lg a ry , A lb e r ta .
The F orm ation  t h in s  g r a d u a l ly  e a s tw a rd . I t s  edge s t r i k e s  
in  a n o r th e a s t - s o u th w e s t  d i r e c t i o n  p a s s in g  s l i g h t l y  w est o f  
M edicine H a t. (F ig . 2 8 ) .
In  7-17-3-8W 4 (a s  d e s c r ib e d  by Pugh, 1971) th e  F o rm atio n  i s  
composed o f  s h a le ,  y e l lo w is h  b ro im , p u rp le -b ro w n , o l i v e ,  r e d -  
brovai, m icaceo u s , f i s s i l e ,  w ith  m inor a n o u n ts  o f  s i l t s t o n e  and 
s i l t y  v e ry  f i n e  g ra in e d  s a n d s to n e .
K.B. E le v a t io n  
T.D.
S ta tu s  
Spud D ate 
R ig  R e le a se d
M ountjoy and A itk e n  (1978) p ro p o sed  th e  name Snake In d ia n  
F o rm ation  f o r  a s im i l a r  s e c t i o n  in  th e  J a s p e r  a r e a .  However, th e  
Snake In d ia n  in  t h a t  a re a  i s  a s t r a t i g r a p h i e  e q u iv a le n t  o f  th e
- 55 -
1 MT.WHYTE
BASAL 
SANDSTONE
Gamma Neutron
F ig . 27 -  S t r a t i g r a p h ie  d i v i s io n s  o f  th e  V e rd g ris  No. 7-26 
w e ll (7-26-3-14W 4).
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F ig . 28 -  T o ta l  iso p a c h s  o f  th e  Crow In d ia n  F o rm atio n
and i t s  e q u iv a le n t  ( C a th e d ra l ,  S te p h e n , and E ldon 
F o rm a tio n s ) .
57
Mount IVhyt e , C a th e d ra l ,  and S tep h en  F orm ation  ( i b i d . )
The Crow In d ia n  F o rm atio n  a s  d e f in e d  in  t h i s  s tu d y  i s  
e q u iv a le n t  to  th e  m id d le  p a r t  o f  th e  E a r l i e  F o rm a tio n .
M ountjoy and A itk e n  ( i b i d . )  n o te d  t h a t  th e  Snake I n d ia n  form a­
t io n  p a s s e s  i n to  th e  low er p a r t  o f  th e  E a r l i e  F o rm atio n  in  th e  
s u b s u r fa c e  o f  th e  P l a in s .  T h e re fo re ,  th e  Crow I n d ia n  and th e  
Snake In d ia n  F o rm a tio n s  a r e  p a r t l y  e q u iv a le n t .
M ountjoy and A itk e n  ( i b i d . )  su g g e s te d  e x te n d in g  th e  name 
Snake In d ia n  to  th e  s u b s u r f a c e  f o r  th e  i n t e r v a l  be tw een  th e  
B a sa l S an d sto n e  u n i t  and th e  b a se  o f  th e  E ldon w here th e  C a th e d ra l  
F o rm ation  changes f a c i e s  t o  c l a s t i c  e q u iv a le n ts .  However, in  th e  
a re a  u n d e r c o n s id e r a t io n ,  th e  E ldon F o rm ation  c a n n o t be  r e c o g n i­
zed and th e  Mount Whyte F o rm a tio n  can  be t r a c e d  o v e r  m ost o f  th e  
a r e a .  The in t r o d u c t io n  o f  th e  Crow In d ia n  F o rm ation  t o  th e  
s t r a t i g r a p h y  o f  th e  Cam brian in  th e  s u b s u rfa c e  f a c i l i t a t e s  th e  
c o r r e l a t i o n s  t o  a  v e ry  l a r g e  e x te n t  and i t  i s  b e l ie v e d  t h a t  i t  
w i l l  h e lp  e x p la in in g  th e  g e o lo g ic a l  h i s t o r y  o f  th e  a r e a .
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III. TECTONICS;
The P recam brian  basem ent ro c k s  o f  w e s te rn  Canada se d im e n ta ry  
B asin  c o n s i s t  m ain ly  o f  A rchean and A phebian ro c k s  t h a t  were 
deform ed and m etam orphosed d u r in g  th e  e a r ly  P r o te r o z o ic  H udsonian 
Orogeny and a re  exposed  in  th e  C h u r c h i l l  P ro v in c e  o f  th e  C anadian  
S h ie ld  ( P o r te r  e t  a l . , 1982). The s t r u c t u r e s  in  th e  C h u r c h i l l  
P ro v in c e  t r e n d  NE, and can  be t r a c e d  under th e  deform ed P h a n e rz o ic  
ro c k s  o f th e  fo re la n d  t h r u s t  b e l t  ( P r ic e ,  1981).
Com parison o f  th e  M idd le  and Upper Cam brian is o p a c h s  (E ig s .
25 and 29) w ith  th e  P recam b rian  f e a t u r e s  (F ig s .  30 and 31) s u g g e s ts  
t h a t  th e  p r e s e n t  f a c i e s  d i s t r i b u t i o n  and th ic k n e s s  o f  se d im e n ts  
w ere c o n t r o l le d  by movements on th r e e  t e c t o n ic  a r c h e s ;  th e  Sweet 
G rass  A rch , W estern  A lb e r ta  A rch , and th e  Peace R iv e r  A rch .
U p l i f t  o f  th e s e  e r a to n ic  a rc h e s  a p p e a rs  to  have  been  r e l a t e d  to  
d e fo rm a tio n  t h a t  was l o c a l i z e d  a lo n g  zones o f  in h e r e n t  s t r u c t u r a l  
w eaknesses t h a t  fo llo w e d  th e  a n c ie n t  r i f t e d  m arg in  o f  th e  
c o n t in e n t  and th e  o ld e r  n o r th e a s t e r l y  s t r u c t u r a l  g r a i n s  o f  th e  
basem ent complex ( P o r te r  e t  a l . ,  1982 ).
Movements on th e  Peace R iv e r  A rch a re  e v id e n t  from  th e  non- 
e r o s io n a l  th in n in g  o f  th e  d i f f e r e n t  u n i t s  in  th e  n o r th w e s t  c o rn e r  
o f  th e  s tu d y  a r e a .  The s lo w ly  r i s i n g  a rc h  p ro v id e d  th e  so u rc e  
f o r  th e  Saln/atam au Member s a n d s .
Movements on th e  Sw eet G rass  A rch can be deduced from  some 
iso p a c h  maps. However, t h i s  a rc h  was p ro b a b ly  a p o s i t i v e  f e a tu r e  
d u r in g  th e  d e p o s i t io n  o f  th e  B a sa l S andstone  u n i t  and t h e  Mount
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F ig . 29 -  T o ta l  M iddle Cam brian iso p a c h s  and P recam b rian  
basem ent f e a t u r e s .
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F ig . 30 -  S t r u c tu r e  c o n to u r  map on to p  o f  th e  P recam b rian  
s u r f a c e  and t e c t o n ic  f e a t u r e s .
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F ig . 31 -  S chem atic  d iag ram  o f  P recam brian  basem ent 
f e a t u r e s  o f  W estern  Canada (from  S te lc k ,  1975).
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Whyte F o rm a tio n . These two u n i t s  t h i n  so u th w ard s and a r e  a b s e n t  
in  1 0 -7 -8 -1W4.
A c t i v i t i e s  on th e  W estern  A lb e r ta  Arch w ere i n t e r m i t t e n t .
The K ic k in g  H orse Rim (A itk e n , 1966) was p ro b a b ly  d e v e lo p e d  o n ly  
when t h i s  A rch was a h ig h  f e a t u r e .  T hese movements can  a l s o  be 
d e te c te d  on some o f  th e  is o p a c h  maps where some o f  th e  u n i t s  t h in  
o r  wedge o u t in  a so u th w e st d i r e c t i o n .  The t o t a l  iso p a c h  maps o f  
th e  M iddle and U pper Cam brian ( f i g s .  29 and 25) s u g g e s t  t h a t  
t h i s  a rc h  ivas low d u r in g  th e  fo rm er and h ig h  d u r in g  th e  l a t t e r .  
These o b s e rv a t io n s  s u g g e s t  t h a t  c a rb o n a te s  w ere d e v e lo p ed  in  a 
r e s t r i c t e d  b a s in  and r e s t r i c t i o n  o f  w a te r  c i r c u l a t i o n  was r e l a t e d  
t o  t e c t o n ic  a c t i v i t i e s  in  th e  W est A lb e r ta  A rch . The M ontania  
u p l i f t  ( th e  e x te n s io n  o f  th e  W est A lb e r ta  A rch?) was a p o s i t i v e  
landm ass t h a t  p e r s i s t e d  th ro u g h o u t th e  C am brian. T h is  landm ass 
p ro v id e d  q u a r tz  sand  and s p o ra d ic  a rk o se  in  M ontana and e a s t  
c e n t r a l  Id aho  (Lochm an-B alk, 1971, p . 136) b u t  was an  u n im p o r ta n t 
so u rc e  o f  se d im e n ts  in  s o u th e rn  A lb e r ta  (A itk e n , 1966 ).
Two e p is o d e s  o f  e r o s io n  a f f e c te d  th e  Cam brian s e d im e n ts ;
1) a p re -M id d le  O rd o v ic ia n  e p is o d e , and 2) a p re -M id d le  D evonian 
e p is o d e . T h is  second  p h ase  o f  e ro s io n  accom panied th e  more 
v ig o ro u s  a c t i v i t i e s  on th e  c r a t o n i c  a rc h e s .  C om parison o f  th e  
e r o s io n a l  edges o f  th e  d i f f e r e n t  u n i t s  r e v e a ls  t h a t  th e y  rem ained  
m o re - o r - le s s  s t a t i o n a r y  th ro u g h o u t th e  Cam brian t im e . Pugh (1971) 
e s t im a te d  t h a t  ab o u t 1000' o f  Cam brian s e c t io n  h a s  been  rem oved, 
he a ls o  su g g e s te d  t h a t  much o f  th e  Deadwood F o rm a tio n  t h a t  was
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n o t p r o te c te d  by th e  O rd o v ic ia n  Red R iv e r  d o lo m ite s  was rem oved. 
However, th e  fe n c e  d iag ram  (F ig .  8) shows t h a t  t h e r e  i s  no 
r e l a t i o n  betw een  th e  O rd o v ic ia n  c o v e r  and th e  th ic k n e s s  o f  th e  
Cam brian s e c t io n  ( e .g .  in  10-15-38-21W 4, th e  Cam brian i s  t h ic k e r  
th a n  in  10-15-49~1W 4).
From th e  above d i s c u s s io n  i t  seems t h a t ,  a lth o u g h  e ro s io n  
h a s  p la y e d  a p a r t  in  sh a p in g  th e  E lk  P o in t  b a s in  in  p re -D ev o n ian  
t im e , t e c t o n i c s  a l s o  p la y e d  a m ajo r r o l e  in  f a c i e s  d i s t r i b u t i o n  
d u r in g  th e  Cam brian and p ro b a b ly  in  c o n t r o l l in g  th e  p r e s e n t  
th ic k n e s s  o f  th e  Cam brian s e c t i o n .
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IV FACIES OF THE CAMBRIAN IN THE SUBSURFACE OF SOUTHERN ALBERTA:
D uring  th e  Cam brian tim e  e p e i r i c  s e a s  c o v e re d  m ost o f  
th e  N o rth  A m erican c o n t in e n t .  E p e i r i c  s e a s  w ere c h a r a c te r iz e d  
by g r e a t  w id th  and v e ry  s h a llo w  d e p th s .  W ater d e p th  in  e p e i r i c  
s e a s  i s  e s t im a te d  som etim es t o  be 30m (100 f t )  o r  l e s s  (F riedm an 
and S a n d e rs , 1978). The c l o s e s t  m odern a n a lo g u e s  o f  e p e i r i c  
s e a s  a r e  th e  Bahamas and F lo r id a  P la tfo rm s , th e  P e r s ia n  G u lf ,  
S hark  Bay in  W estern  A u s t r a l i a ,  and th e  H olocene c o n t in e n ta l  
s h e l f  a r e a  o f  th e  N o rth  S ea , and th e  Y ellow  and C hina S e a s .
I n t e r p r e t a t i o n  o f  th e  s e d im e n ta ry  en v iro n m en ts  in  t h i s  
s tu d y  was a c h ie v e d  by com paring  th e  d i f f e r e n t  f a c ie s *  w ith  th o s e  
o f  th e  c l a s s i c  a r e a s  m en tioned  above (w ith  th e  e x c e p t io n  o f  th e  
Y ellow  and China S eas  s in c e  v e ry  l i t t l e  in fo rm a tio n  i s  a v a i l a b l e  
a b o u t th e  n a tu r e  o f  t h e i r  s e d im e n ts ) ,  and a n c ie n t  ro c k s  t h a t  a re  
th o u g h t t o  be d e p o s i te d  in  s im i l a r  e n v iro n m e n ta l s e t t i n g s .
B ased on a d e t a i l e d  d e s c r i p t i o n  o f more th a n  1400 f t  o f  
c o re  from  16 w e l ls  and more th a n  230 t h i n  s e c t i o n s ,  th e  Cam brian 
ro c k s  in  th e  s tu d y  a re a  w ere g rouped  in to  n in e  se d im e n ta ry  f a c i e s ;
* The te rm  f a c i e s  i s  u sed  h e r e in  to  r e f e r  to  th e  l i t h o l o g i e  and 
b io lo g ic  c h a r a c t e r i s t i c s  o f  a s e d im e n ta ry  d e p o s i t ,  im p a rte d  by 
th e  d e p o s i t io n a l  e n v irq n m en ts  (F riedm an and S a n d e rs , 1978, 
p . 196).
- 65
1) m o tt le d  d o lo m it ic  m udstones and w ac k e s to n e s ; 2) m u d sto n es , 
w a c k e s to n e s , and p a c k s to n e s ;  3) g r a in s to n e s ;  4) c r y p ta lg a -  
la m in a te s ,  c r y p ta lg a la m in a te  b r e c c ia ,  and a lg a l - la m in a te d  
s e d im e n ts ; 5) f l a t - p e b b le  c o n g lo m e ra te s ; 6) g l a u c o n i t i c  
s a n d s to n e s ;  7) q u a r t z a r e n i t e s ;  8) h y b r id  s a n d s to n e s  o r  i r o n -  
fo r ra a t io n s , and 9) c o q u in a .
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MOTTLED DOLOMITIC MUDSTONES AND WACKESTONES FACIES (FACIES 1 ):
T h is  f a c i e s  i s  m ost abundan t in  th e  Upper Lynx u n i t  and 
th e  W aterfow l F o rm ation , b u t i s  a l s o  p r e s e n t  in  th e  P ik a  and 
E ldon F o rm a tio n s . The f a c i e s  i s  made up o f m o ttle d  d o lo m it ic  
m udstones to  w ackestones  and t h e i r  d o lo m itiz e d  e q u iv a ­
l e n t s .  M o ttle s  a r e  u s u a l ly  i r r e g u l a r  s t r u c tu r e s  and have  a 
v a r i e t y  o f  c o lo u r s  in c lu d in g  l i g h t  brovm, l i g h t  g ra y  and p in k  
(F ig . 3 2 ) .  The m o ttle d  beds u s u a l ly  d i s p la y  n o d u la r  lam in a ­
t i o n  and a re  o f te n  v e ry  s t y l o l i t i c .
M udstones and \ra c k es to n es  c o n ta in  frag m en ts  o f  t r i l o b i t e s ,  
b ra c h io p o d s , a n d /o r  ech inoderm s (F ig s .  33A and B ) .  In  p la c e s  
th e y  a r e  p e lo id a l  and may be a s s o c ia te d  w ith  o o l i t i c  g r a in s to n e s ,  
c r y p ta lg a la m in a te s ,  and b i r d 's - e y e  (? )  s t r u c t u r e s .
INTERPRETATION:
Osmond (1956) c l a s s i f i e d  th e  f a c t o r s  c o n t r o l l i n g  th e  
m o tt le d  a p p earan ce  o f  c a rb o n a te  ro c k s  a s :  1) o r g a n ic ,  2) depo­
s i t i o n a l ,  3) i n t r a s t r a t a l  d e fo rm a tio n a l ,  4)  d e p o s i t io n a l  and 
d i a g e n e t i c ,  and 5) d ia g e n e t i c .  D o lo m it iz a tio n  i s  in f lu e n c e d  
by th e s e  f a c t o r s .  However, a l a t e r  s ta g e  d o lo m i t iz a t io n  may 
a l s o  e x te n d  th e  o r ig i n a l  o u t l i n e s  o f  th e  s t r u c tu r e s  and o b scu re  
th e  p rim a ry  ca u se  o f  m b t t l in g s .  The d ia g e n e t ic  a s p e c ts  o f  th e s e  
m o t t le s  w i l l  be d is c u s s e d  in  a l a t e r  s e c t io n .
M o tt le s  may r e p r e s e n t  r e p la c e d  b u r r o w - f i l l s  (F ig s .  34 
and 3 5 ) ,  o r  are due to atylolitization (Fig. 3 6 ) , or are due to 
d i f f e r e n c e s  in  th e  o r ig i n a l  c o m p o s itio n  ( e .g .  c a l c i t e  v s .
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F ig . 32A -  Core p h o to g ra p h  o f  d o lo m ite  m o tt l in g  ( l i g h t  
h ro \m )  in  l im e s to n e  ( g r a y ) . Upper Lynx U n it 
(5-35-62-18W 5, 1 0 2 8 9 ') .
F ig . 32B -  Core p h o to g ra p h  o f  d o lo m ite  m o tt l in g s  in  l im e s to n e s . 
Upper Lynx U n it (10-31-54-12W 5, 1 0 2 3 4 ') .
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F ig . 33A -  A t r i l o b i t e  fra g m en t in  a m udstone f a c i e s .
P ika  F orm ation  (4-12-15-27W 4, 1 0 6 2 1 ') , m ,  79X,
F ig .  33B -  T r i l o b i t e  and b r# b h io p o d  fragments in  a w ack esto n e  
C a th e d ra l F o rm ation  (4-12-15-27W 4, 1 1 4 4 7 ') , NL, 31X.
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F ig . 34 -  A m ic ro p h o to g rap h  o f  d o lo m ite  m o tt l in g s  in  
a m udstone. M o tt l in g s  a r e  p ro b a b ly  th e  r e s u l t  
o f  b u rro w in g . Upper Lynx U n it  ( 15-29-55-17W 5, 
1 2 2 2 4 ') ,  ML, 31X.
F ig . 35 -  A m ic ro p h o to g rap h  o f  d o lo m ite  m o t t l in g s  in  a
m udstone. M o tt l in g s  p ro b a b ly  r e s u l t e d  from  b u rro w in g  
and su b se q u e n t d o lo m i t i z a t io n .  Note c l e a r -  rimmed 
c lo u d y  c e n te re d  d o lo m ite s . Upper Lynx U n it (1 5 -2 9 -  
55-17W5, 1 2 2 3 1 ') .  NL, 78X.
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7-Tjpi-y
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F ig . 35 -  M o tt l in g s  r e s u l t e d  from  d o lo m i t iz a t io n  a lo n g
s t y l o l i t e  s u r f a c e s .  P ik a  F o rm ation  (4-12-15-27W 4, 
1 0 5 2 7 ') .  78X.
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a r a g o n i te )  and su b se q u e n t s e l e c t i v e  d o lo m i t iz a t io n .  T h e re fo re ,  
m o t t l in g s  a re  n o t c h a r a c t e r i s t i c  o f  any s p e c i f i c  en v iro n m en t.
In  th e  Bahamas, a n a lo g o u s  s k e l e t a l  mud f a c i e s  form  in  e n v iro n ­
m ents ra n g in g  from  th e  s u p r a t i d a l  t o  s u b t id a l  (P u rd y , 1953 ). 
S im ila r  se d im e n ts  o c c u r in  th e  i n t e r t i d a l  and s u b t i d a l  zones 
in  th e  P e r s ia n  G u lf ,  NE Q a ta r  (S h in n , 1973). S im i la r  f a c i e s  
in  th e  g e o lo g ic  re c o rd  w ere i n t e r p r e t e d  a s  i n t e r t i d a l  (B raun 
and F riedm an , 1969), o r  deep  s u b t i d a l  (K e n d a ll , 1977; Reekman 
and F riedm an , 1982). By a n a lo g y , and from  th e  f a c i e s  a s s o c i a ­
t i o n ,  w hich  in c lu d e s  c ry p ta lg a la m in a te s  (F a c ie s  4) and o o l i t i c  
g r a in s to n e s  (F a c ie s  3 ) ,  i t  can  be conc luded  t h a t  th e  m o tt le d  
d o lo m it ic  m udstones and w a c k es to n es  f a c i e s  may r e p r e s e n t  su b ­
t i d a l  t o  s u p r a t id a l  d e p o s i t s .
MUDSTONE, WACKESTONE, AND PACKSTONE FACIES (FACIES 2 ) ;
T h is  f a c i e s  i s  s im i l a r  t o  th e  above f a c i e s  in  c o m p o s itio n  
e x c e p t i t  la c k s  th e  d o lo m ite  m o tt l in g s  (F ig s .3 3A  and 33B ); B oth  
f a c i e s  a r e  c lo s e ly  a s s o c i a te d .  T h is  f a c i e s  i s  more common in  
th e  P ik a , E ldon , and C a th e d ra l  F o rm a tio n s .
T h is  f a c i e s  was d e p o s i te d  in  th e  same d e p o s i t io n a l  e n v iro n ­
m ents a s  th e  p re v io u s  f a c i e s .
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GRAINSTONE FACIES (FACIES 3 ) ;
T h is  f a c i e s  can  be  d iv id e d  in to  fo u r  s u b f a c ie s ;
A) O o l i t i c  g r a in s to n e ,  B) P e lo id a l  g r a in s to n e ,  C) R u d sto n e , 
and D) E ch inoderm al g r a in s to n e .
A) O o l i t i c  G ra in s to n e  S u b fa c ie s ;
T h is  s u b f a c ie s  o c c u rs  in  th e  Upper Lynx u n i t  and th e  
Sakwatamau Member o f  th e  E ldon  F o rm a tio n , and i s  r e s t r i c t e d  
t o  th e  n o r th w e s t  c o rn e r  o f  th e  s tu d y  a re a  (F ig . 1 9 ) . The 
o v e r a l l  c h a r a c t e r i s t i c s  o f  th e  o o id s  in  th e s e  two u n i t s  a r e  
d i s t i n c t l y  d i f f e r e n t .  In  th e  Upper Lynx u n i t ,  t h i s  s u b f a c ie s  
i s  a s s o c ia te d  w ith  m o tt le d  d o lo m it ic  m udstone (F a c ie s  1 ) .
In  th e  u p p er p a r t  o f  th e  Sakwatamau Member, a few  b ed s  o f  t h i s  
f a c i e s  a r e  in te rb e d d e d  w ith  and g ra d e  i n to  q u a r t z a r e n i t e s  
(F a c ie s  7) d is p la y in g  t ro u g h  c r o s s - la m in a t io n ,  f l a s e r -  
la m in a t io n , and b i o tu r b a t i o n .
1) Upper Lynx U n it;
O oids d ia m e te r  v a ry  from  0.5mm to  1.0mm. The o o id s  
d i s p la y  e i t h e r  r a d i a l  o r  t a n g e n t i a l  m ic r o s t r u c tu r e s ,  o r  a 
co m b in a tio n  o f  b o th  (F ig . 37A and B ). Ooid n u c le i  a re  
t y p i c a l l y  sm a ll p e lo id s ,  e c h in o d e rm -, o r  t r i l o b i t e  f ra g m e n ts .
Many o f  th e s e  o o id s  a r e  c o a te d  w ith  v e ry  t h in  m i c r i t i c  e n v e lo ­
p e s . In  p la c e s ,  m i c r i t i c  f i lm s  grew, in  one d i r e c t i o n  o r  com bined 
two o o id s  (F ig . 37A). A few o o id s  show d i f f e r e n t  s ta g e s  o f
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F ig . 37A -  O o l i t i c  g r a in s to n e  show ing r a d i a l  s t r u c t u r e s ,
m i c r i t i c  c o a t in g s ,  and compound o o id s .  Upper Lynx 
U n it (6-36-63-12W 5, 9 6 5 6 ') .  NL,31X.
F ig . 37B -  A d e t a i l  o f  an  o o id . The in n e r  c o r t e x  i s  c o n c e n t r ic  
and t r a n s e c te d  by r a d i a l  s t r u c t u r e s ,  and th e  o u te r  
c o r te x  i s  c o n c e n t r i c ,  (same sam ple a s  a b o v e ). NL, 78X.
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g row th  from  sy m m e tric a l t o  a s y m m e tr ic a l. M i c r i t i c  ( p e lo id a l )  
c o a t in g  may be p r e s e n t  be tw een  th e  d i f f e r e n t  c o r t i c e s  (F ig . 3 8 ) .
P is o id s  may re a c h  up t o  13mm in  d ia m e te r .  They show 
a h ig h  d e g re e  o f  ro u n d in g  and have n u c le i  o f  o o l i t i c  g r a i n -  
s to n e  fra g m en ts  s im i la r  t o  th e  m a tr ix  t h a t  su rro u n d s  them  
(F ig . 3 9 ) . T hese p i s o id s  have  e n v e lo p e s  ( ^  0.5mm in  t h i c k ­
n e s s )  w hich a l s o  c o n ta in  s im i l a r  o o id s .
D o lo m it iz a tio n  i s  u b iq u i to u s  in  t h i s  s u b f a c i e s .  In  
p la c e s ,  d o lo m itiz e d  o o id s  form  le n s e s  ( ^  1 cm th ic k )  w i th in  
u n d o lo m itiz e d  g r a in s to n e  i n t e r v a l s .  D olom ite c r y s t a l s  may 
re a c h  up to  175>um in  s i z e .  L arge  c r y s t a l s  u s u a l ly  have  
c lo u d ed  c e n t r e s  and c l e a r  r im s  (F ig , 4 0 ) ,A few d o lo m ite  
c r y s t a l s  t r a n s e c t  o o id s  b o u n d a r ie s .  Some o o id s  have  o n ly  a 
few d o lo m ite  c r y s t a l s  and in  o t h e r s ,  d o lo m ite  i s  c o n c e n t ra te d  
in  c e r t a i n  la m in a e . D o lom ite  c r y s t a l s  a r e  u s u a l ly  s m a l le r  
and more c lo u d ed  w i th in  th e  o o id s  th a n  a t  t h e i r  b o rd e r s  (F ig . 41)
D i f f e r e n t  ty p e s  o f  cem en ts have been  o b se rv e d  in  t h i s  
f a c i e s .  In  p la c e s  d o lo m itiz e d  o o id s  a re  su rro u n d e d  by an 
iso p a c h o u s  f ib r o u s  c a l c i t e  cem en t, w h ile  b lo c k y  e q u a n t- g ra in e d  
c a l c i t e  cem ent f i l l s  th e  p o re  sp a c e  (F ig s . 42A and 4 2 B );, . ’■
O th er d o lo m itiz e d  g r a in s to n e s  a r e  cem ented o n ly  a s  th e  r e s u l t  
o f  i n te r lo c k in g  o f  d o lo m ite  rhombs le a v in g  l a r g e  p o re s  betw een  
th e  o o id s  w hich g iv e  th e  ro c k  a b i r d 's - e y e - l i k e  s t r u c t u r e  
(F ig . 43) . T here  i s  a  c o n c e n t r a t io n  o f  d o lo m ite  rhombs around  
th e  s t y l o l i t e s  ( se e  a l s o  F a c ie s  1 ) ,  b u t  t h e r e  i s  no r e l a t i o n  
betw een th e  d o lo m itiz e d  o o id s  and s t y l o l i t e s ,  i . e .  o o id s  may 
be t r a n s e c te d  by s t y l o l i t e  s u r f a c e s  w ith o u t b e in g  d o lo m it iz e d .
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F ig . 38 -  A compound o o i d , t h e  in n e r  c o r te x  i s  c o n c n e t r ic  
and t r a n s e c t e d  by r a d i a l  s t r u c t u r e s ,  and th e  o u te r  
c o r t e x  i s  c o n c e n t r i c .  A no ther s ta g e  o f  g row th  
r e s u l t e d  in  th e  fo rm a tio n  o f  a t h i r d  c o r t e x  and th e  
fo rm a tio n  o f  an asy m m etric  o o id . Upper Lynx U n it  
(6-36-63-12W 5, 9 6 5 6 ') .  ML, 78X.
F ig . 39 -  A p a r t  o f  a p i s o id  w ith  a c o re  o f  o o l i t i c  g r a i n -  
s to n e .  N ote th e  p re s e n c e  o f  o o id s  w i th in  th e  o u te r  
c o r t e x ,  (same sam ple a s  a b o v e ). NL, 3 IX,
- 81 -
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F ig . 40 -  O o l i t i c  g r a in s to n e .  N ote th e  s im u lta n e o u s  p re s e n c e  
o f  d o lo m itiz e d  and u n d o lo m itiz e d  o o id s ,  and c l e a r -  
rimmed c lo u d y -c e n te re d  d o lo m ite . Upper Lynx U n it 
(5-25-53-12W 5, 9 5 5 6 ') .  NL, 78X. (b lu e  i s  im p reg n ated  
d y e ) .
F ig . 41 -  D o lo m itic  o o l i t i c  g r a in s to n e .  N ote c lo u d ed
d o lo m ite  c r y s t a l s  w i th in  th e  o o id s  and l a r g e  c l e a r  
c r y s t a l  a round  th e  p e r i p h e r i e s .  Upper Lynx U n it 
(5-35-62-18W 5, 1 0 2 9 3 ') .  NL, 31X. ( t h i n - s e c t i o n  h a s  
been  s t a i n e d ) .
- 83 -
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F ig . 42A -  A sym m etrical o o id  composed o f  a sm a ll o o id  and a 
t r i l o b i t e  f ra g m e n t. N ote th e  f ib r o u s  c a l c i t e  cem ent. 
Upper Lynx U n it ( 6 -3 6 -6 3 -12W5, 9 6 5 6 ') .  PL, 312X.
F ig .  42B -  F ib ro u s  c a l c i t e  cem ent in  an o o l i t i c  g r a in s to n e  
(sam e sam ple a s  a b o v e ). PL, 78X.
- 85 -
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F ig . 43 -  D o lo m itic  o o l i t i c  g r a in s to n e .  Note th e  v i r t u a l
ab sen ce  o f  cem ent and th e  la r g e  p o res  betw een  g r a in s ,  
Upper Lynx U n it (5-35-62-18W5, 1 0 2 9 3 ') . iJL, 31X. 
(Blue is a,n impregnated dye) .
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A u th ig e n ic  q u a r tz ,  c h e r t  (Fig. 4 4 ) ,  anhydrite have been 
o b se rv e d  in  v e ry  few p la c e s *
i i )  Salewatamau Member;
In  t h i s  u n i t ,  th e  o o l i t i c  g r a in s to n e  s u b f a c ie s  i s  
a s s o c ia te d  w ith  q u a r t z a r e n i t e s  (F a c ie s  7 ) .  O oids a r e  in  
th e  c o a rs e  sand  s i z e  ( 0 . 5mm-l.0mm). Ooid n u c le i  a re  
t y p i c a l l y  m i c r i t i c  and q u a r tz  g r a in s  (F ig . 4 5 ) . They have 
c o n c e n t r ic  m ic r o s t r u c tu re s  w ith  few lam in a e . Cement i s  n o t 
ab undan t and l im i te d  to  t h in  f i lm s  o f  f ib r o u s  c a l c i t e  around 
th e  o o id s .  S t y l o l i t i z a t i o n  h a s  r e s u l t e d  in  th e  d i s s o l u t i o n  
o f  some o f  th e  o o id s  (F ig . 4 5 ) .
B) P e lo id a l  G ra in s to n e  s u b f a c ie s :
T h is  s u b fa c ie s  o c c u rs  in  th e  Upper Lynx U n it  and th e  
W aterfow l F o rm atio n . In  th e  Upper Lynx U n it ,  t h i s  s u b fa c ie s  
i s  d o lo m itiz e d  and o n ly  a few p e lo id s  have escap ed  d o lo m i t i ­
z a t io n  (F ig . 4 6 ) , The ro ck  i s  cem ented by th e  i n te r lo c k in g  
o f th e  d o lo m ite  c r y s t a l s  le a v in g  l a r g e  p o re s  betw een th e  
p e lo id s  t o  g iv e  th e  ro ck  b i r d 's - e y e - l i k e  s t r u c t u r e s  (F ig . 
4 6 ) . In  th e  W aterfow l F o rm atio n , t h i s  s u b fa c ie s  d i s p la y s  two 
d i f f e r e n t  s i z e s  o f  p e lo id s ;  a f in e  g ra in e d  ty p e  few m ic ro n s 
in  s i z e ,  and th e  o th e r  ty p e  may re a c h  up t o  1 mm in  d ia m e te r .  
D i s s o lu t io n  r e s u l t e d  in  th e  fo rm a tio n  o f  m o ld ic  p o r o s i ty  w hich 
i s  p a r t l y  f i l l e d  w ith  c a l c i t e  o r  m ic r i t e  (F ig . 4 7 ) .
- 89
F ig . 44 -  A u th ig e n ic  c h e r t  and q u a r t z  in  a d o lo m itiz e d
o o l i t i c  g r a in s to n e  (b la c k  i s  p o r o s i t y ) .  Upper Lynx 
U n it (5-35-52-18W 5, 1 0 2 9 1 ') ,  PL, 31X.
F ig . 45 -  O o l i t i c  g r a in s to n e .  N ote c o n c e n t r ic  s t r u c t u r e s  
o f  th e  c o r t i c e s ,  q u a r tz  n u c le i ,  and th in  f i lm s  o f  
f ib r o u s  c a l c i t e  cem ent betw een o o id s . Some o o id s  
have been d is s o lv e d  a lo n g  s t y l o l i t e s  ( a r ro w ) . 
Salc/atam au Member C5-35-62-18W 5, 1 0 8 9 6 ').N L, 31X,
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F ig . 46 -  B i r d 's - e y e - l i k e  s t r u c t u r e  in  a d o lo m itiz e d  p e lo id a l  
g r a in s to n e .  Upper Lynx U n it  ( 10-31-54-12W 5, 1 0 2 3 8 ') ,  
NL, 120X. (Blue is an impregnated dye) .
F ig . 47 -  M oldic p o r o s i ty  in  a p e lo id a l  g r a in s to n e .  N ote
c a l c i t e  p a r t l y  f i l l i n g  th e  p o r e s .  W aterfow l F o rm atio n  
(5-35-62-18W 5, 10553). PL, 79X.
- 9 2 -
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C) R udstone S u b fa c ie s :
T h is  f a c i e s  h as  been  e n c o u n te re d  on ly  in  th e  W ater­
fow l F orm ation  and i s  a s s o c ia te d  w ith  th e  p e lo id a l  g r a in s to n e  
s u b fa c ie s  d e s c r ib e d  above. C la s t s  a r e  up to  2 .4  mm in  d ia m e te r  
and ap p e ar to  be a lg a l  l i t h o c l a s t s  c o a te d  w ith  t h in  o o l i t i c  
lam in ae  (F ig . 4 8 ) , Cem ents a r e  m ain ly  f ib r o u s  and b lo c k y  
c a l c i t e .  S add le  d o lo m ite  a l s o  o c c u r  a s  p o r e - f i l l i n g  (F ig .  4 9 ) .
d) E ch inoderm al G ra in s to n e  S u b fa c ie s :
T h is  s u b fa c ie s  h a s  been  e n c o u n te re d  in  th e  U pper Lynx 
u n i t .  I t  i s  c lo s e ly  a s s o c ia te d  w ith  th e  o o l i t i c  g r a in s to n e  
s u b f a c ie s .  I t  i s  p e rv a s iv e ly  d o lo m itiz e d  a lth o u g h  ech inoderm  
s p ic u le s  su rro u n d ed  w ith  s y n ta x i a l  cem ent can  be se en  in  
p la c e s  (F ig . 5 0 ) . T h is  s u b f a c ie s  i s  s im i la r  t o  th e  d o lo m itiz e d  
o o l i t i c  g r a in s to n e  s u b fa c ie s  and can  n o t be d i f f e r e n t i a t e d  from  
i t  by m egascop ic  c h a r a c t e r i s t i c s  a lo n e .
INTERPRETATION OF THE DEPOSITIONAL ENVIRONMENTS:
O oids have  been  d e s c r ib e  in  th e  l i t e r a t u r e  from  d i f f e r e n t  
a r e a s  and a w ide ran g e  o f  r e c e n t  en v iro n m en ts . C l a s s i c a l  a r e a s  
in c lu d e  th e  G re a t Bahama Bank (N ew ell e t  a l ,  1950; $ h in n  e t  a l . , 1969; 
G re a t S a l t  L ake, U tah ( E a r d le y ,1938; K ahle , 1974; H a i le y ,  1977), 
th e  P e r s ia n  G u lf (L oreau and P u r s e r ,  1973), and B a f f in  Bay,
T exas (Land e t  , 1979).
R ecen t and a n c ie n t  o o id s  d i s p la y  r a d i a l  o r  t a n g e n t i a l  
i n t e r n a l  s t r u c tu r e s  o r  a co m b in a tio n  o f  b o th . K ahle (1974)
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F ig . 48 -  R udstone , c l a s t s  a r e  p ro b a b ly  a lg a l  in  o r i g i n .
N ote t h in  o o l i t i c  c o a t in g  around  th e  c l a s t s .  W aterfow l 
F orm ation  (5-35-62-18W 5, 1 0 5 4 5 V ). PL, 31X.
F ig . 49 -  S a d d le -d o lo m ite  cem ent in  a r u d s to n e . W aterfow l 
F orm ation  (5-35-62-18W 5, 1 0 5 4 0 ') .  PL, SIX.
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F ig . 50 -  D o lo m itic  ech in o d e rm a l g r a in s to n e .  Upper Lynx 
U n it (5-35-62-18W 5, 1 0 2 9 5 ') .  NL, 79X.
- 97 -
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p o in te d  o u t t h a t  th e  te rm s r a d i a l  and t a n g e n t i a l  have been  
lo o s e ly  used by d i f f e r e n t  a u th o r s  t o  d e s c r ib e  th e  la m in a te d  
l a y e r s  t h a t  compose o o id  e n v e lo p e s  o r  th e  g r a in  ( c r y s t a l )  
o r i e n t a t i o n  w ith in  th e  o o id  e n v e lo p e s . Two s c a l e s  o f  s t r u c t u r e  
can  be used  to  av o id  t h i s  c o n fu s io n  in  te rm in o lo g y ; M icro ­
s t r u c t u r e  and u l t r a s t r u c t u r e .  M ic ro stru c tu rres  r e f e r  to  th e  
o b s e rv a t io n s  made under a p o la r i z e d  o r  b in o c u la r  m ic ro sc o p e , 
r e g a r d le s s  o f  th e  " c r y s ta l "  o r  " g ra in "  o r i e n t a t i o n  betw een  
th e  lam inae  o r  c o a tin g s  o f  an o o id . U l t r a s t r u c tu r e  i s  d e f in e d  
a s  th e  g roup  o f  m o rp h o lo g ic a l, m in e r a lo g ic a l ,  c h e m ic a l, c r y s -  
t a l l o g r a p h ic  c h a r a c te r s  o f  th e  e le m e n ta ry  p a r t i c l e s  o f  th e  
d e p o s i t  (Loreau and P u r s e r ,  1973, p . 3 2 2 ). These s t r u c t u r e s  can  
o n ly  be in te r p r e te d  u s in g  a SEM o r  a m ic ro p ro b e , e t c . .  In  t h i s  
s tu d y  o b s e rv a t io n s  have b een  made on m ic r o s t r u c tu r e s  o n ly .
The ty p e s  o f  o o id  s t r u c t u r e s  a r e  u s u a l ly  a t t r i b u t e d  to  
th e  e n e rg y  o f  th e  s e d im e n ta ry  en v iro n m en t; o o id s  w ith  i n t e r n a l  
r a d i a l  s t r u c tu r e s  and s u p e r f i c i a l  o o id s  w ith  few c o n c e n t r ic  
lam in ae  a r e  p ro d u c ts  o f  q u i e t  and p r o te c te d  e n v iro n m e n ts , w h ile  
o o id s  w ith  c o n c e n t r ic  s t r u c t u r e s  w ith  many lam inae  a r e  form ed 
in  h ig h  energ y  en v ironm en ts  (N ew ell e t  a l . ,  1960).
In  a s tu d y  o f  o o id s  from  th e  P e r s ia n  G u lf ,  L oreau  and 
P u rs e r  (1973) n o t ic e d  t h a t  a r a g o n i te  ro d s  in  o o id s  c o l l e c t e d  
from  a g i t a t e d  env iro n m en ts  su c h  a s  th e  c r e s t s  o f  b a rs  o r  d e l t a  
l e v e e s ,  had t a n g e n t ia l  s t r u c t u r e s .  On th e  o th e r  hand , in  o o id s  
c o l l e c t e d  from  p r o te c te d  a r e a s ,  su ch  a s  d e p re s s io n s  betw een  
b a r s  and lag o o n s , a r a g o n i te  c r y s t a l s  had r a d i a l  o r i e n t a t i o n .
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H e lle r  e t  a l . (1 9 8 0 ), in  a s tu d y  o f o o id s  f ro m  th e  Upper 
Cam brian W arrio r F orm ation  o f  P e n n sy lv a n ia , found t h a t  sm a ll 
o o id s  had a p u re ly  r a d i a l  c o r te x  and la r g e  o o id s  had a r a d i a l  
in n e r  c o r te x  and an o u te r  c o r te x  composed o f  t h i n  c o n c e n t r i c  
bands o f r a d i a l l y - o r i e n t e d  c r y s t a l s .  They s u g g e s te d  t h a t  
o o id s  grew w ith  r a d i a l  s t r u c t u r e s  in  su sp e n s io n  to  a d ia m e te r  
o f  0 .6  mm, and a f t e r  re a c h in g  t h i s  s i z e  th ey  moved a s  bed lo ad  
and grew by a d d i t io n  o f  c o n c e n t r ic  l a y e r s .
G olds in  th e  Upper Lynx u n i t  have r a d i a l  m ic r o s t r u c tu r e s  
and ran g e  in  s i z e  betw een 0 .2 5  mm and 1 .00  mm, and may have 
been  form ed in  q u i e t  and p r o te c te d  en v iro n m en ts , su ch  a s  lagoons 
and d e p re s s io n s  betw een t i d a l  b a r s .  However, th e  p re s e n c e  o f  
l a r g e  p i s o id s  w ith  c o re s  o f  o o l i t i c  g r a in s to n e  fra g m e n ts  s im i la r  
to  th e  main f a c i e s  i s  d i f f i c u l t  to  e x p la in .  One p l a u s i b l e  
e x p la n a tio n  i s  t h a t  th e s e  p i s o id s  grew  around g r a in s to n e  c l a s t s  
t h a t  had been  .r ip p e d  from  th e  a l r e a d y  c o n s o l id a te d  ro c k  and w ere 
moved a s  bed lo ad  w here th e y  were rounded and c o a te d  w ith  a t h in  
o o l i t i c  l a y e r .  The p re se n c e  o f  o o id s  w ith in  th e  c o r t e x  o f  th e  
p i s o id s  (F ig . 39) may in d ic a te  a second  e p is o d e  o f  r ip p in g  and 
a g i t a t i o n .  O oids in  th e  c o r te x  may have ad h e red  to  th e  s u r f a c e  
o f  th e  o r ig i n a l  p i s o id  due to  th e  e f f e c t  o f a lg a e  o r  o th e r  
o rg an ism s. A lgae may have a l s o  p lay e d  a r o le  in  th e  fo rm a tio n  
o f  a sy m m etrica l o o id s  (F ig . 3 8 ) .
In  th e  Sakwatamau Member, o o id s  a re  a s s o c ia te d  w ith  q u a r tz ­
a r e n i t e s  and have n u c le i  o f  q u a r tz  and t a n g e n t i a l  m ic r o s t r u c tu r e s .
1 0 0  -
The m ost ab u n d an t s e d im e n ta ry  s t r u c t u r e s  a s s o c ia te d  w ith  t h i s  
f a c i e s  a r e  wavy and t ro u g h  c r o s s - la m in a t io n s  s u g g e s t in g  
d e p o s i t io n  in  h ig h  en e rg y  e n v iro n m en ts . O oids w ith  q u a r t z  
c o re s  w ere d e s c r ib e d  from  S h ark  Bay, W estern  A u s t r a l i a  (D a v ie s , 
1970a) w here th e y  form  b a r r i e r  and sa n d b a rs  in  th e  i n t e r t i d a l  
zone . The o o l i t i c  g r a in s to n e  f a c i e s  in  th e  Sakwatamau Member 
i s  i n t e r p r e t e d  to  have form ed in  a h ig h  en e rg y  en v iro n m en t su ch  
a s  th e  i n t e r t i d a l  zone .
The p e lo id a l  g r a in s to n e  s u b f a c ie s  was d e p o s i te d  in  a 
s u b t id a l  en v ironm en t w ith  r e s t r i c t e d  c i r c u l a t i o n .  T h is  f a c i e s  
i s  s im i l a r  to  th e  s u b t i d a l  d e p o s i t s  o f  th e  G re a t Bahama Bank 
d e s c r ib e d  by N ew ell e t  a ^ . (1 9 5 9 ).
The ru d s to n e  s u b f a c ie s ,  composed m ain ly  o f  a l g a l  l i t h o ­
c l a s t s  and c lo s e ly  a s s o c ia te d  w ith  th e  p e lo id a l  g r a in s to n e  
s u b f a c ie s ,  can  be i n t e r p r e t e d  a s  l a g  d e p o s i t s  form ed in  t i d a l  
c h a n n e ls .
The ech in o d e rm a l g r a in s to n e  s u b fa c ie s  i s  s im i la r  t o  th e  
o o l i t i c  g r a in s to n e  s u b fa c ie s  and i t  i s  b e l ie v e d  t h a t  b o th  
s u b fa c ie s  w ere d e p o s i te d  u n d e r s im i l a r  c o n d i t io n s .
1 0 1  -
CRYPTALGALAMINATES, CRYPTALGALAMINATE BRECCIA, AND ALGAL- 
LAMINATED SEDIMENTS (FACIES 4 ) :
C ry p ta lg a la m in a te s  (A itk e n , 1967) a r e  c a rb o n a te  ro c k s  
d i s p la y in g  a d i s t i n c t i v e  form  o f  d is c o n t in u o u s ,  p la n a r  la m in a t io n  
b e lie v e d  to  have r e s u l t e d  from  th e  a c t i v i t i e s  o f  b lu e - g r e e n  and 
g ree n  a lg u e .
C ry p ta lg a la m in a te s  a r e  m ost abundan t in  th e  W aterfow l 
F o rm a tio n  and th e  Upper Lynx u n i t .  They a r e  c lo s e ly  a s s o c ia te d  
w ith  f l a t - p e b b le  c o n g lo m e ra te s , o o l i t i c  g r a in s to n e s ,  and 
m o ttle d  d o lo m it ic  m u dstones , and p a c k s to n e s .
L am in a tio n  i s  cau sed  by a l t e r n a t i n g  bands o f  d a rk  and 
l i g h t  c o lo re d  lam in ae  w hich a r e  f l a t ,  wavy, o r  u n d u la t in g  (F ig s .  
51 and 5 2 ) .  The b a s e s  o f  th e s e  se d im e n ts  can  be f l a t  and 
s h a rp  o r  e r o s io n a l  (F ig . 52) s u g g e s t in g  t h a t  th e y  a r e  c h a n n e l-  
f i l l s .  C ry p ta lg a la m in a te s  u s u a l ly  g ra d e  v e r t i c a l l y  i n to  
c ry p ta lg a la m in a te  b r e c c ia  w i th  l a r g e  a n g u la r  b lo c k s  (F ig .  5 3 ) ,  
o r  i n to  f l a t - p e b b le  co n g lo m e ra te  w ith  c l a s t s  w i th  rounded  edges 
(F ig . 5 4 ) .  D e s ic c a t io n  c ra c k s  a r e  common (F ig . 5 5 ) .  In  p la c e s ,  
t h i s  f a c i e s  c o n ta in s  s m a l l - s c a le  slum p s t r u c t u r e s ( •—' 2") in  th e  
form o f  sm a ll recum bent f o ld s  (F ig . 5 6 ) .
Under th e  m ic ro sc o p e , la m in a t io n  in  th e  c ry p ta lg a la m in a te s  
a p p e a rs  to  be due t o :  1-) a l t e r n a t i o n  o f  t h in  lam in ae  o f  c l a s t i c
s i l t s  o r  v e ry  f i n e  g ra in e d  s a n d s to n e  and lam in ae  composed o f  
f i n e l y  c r y s t a l l i n e  d o lo m ite , 2) d e s ic c a t io n  c r a c k s ,  o r  3) 
a l t e r n a t i o n  betw een a l g a e - r i c h  and a lg a e - d e f i c i e n t  lam in a e  (F ig s .  
51 and 57 ) .
1 0 2  -
F ig . 51 -  Core p h o to g ra p h  o f  an a lg a l - la m in a te d  sed im en t. 
Upper Lynx U n it (5-35-62-18W 5, 1 0 2 9 6 ') .
F ig . 52 -  Core p h o to g ra p h  o f  c r y p ta lg a la m in a te s .  N ote 
th e  e r o s io n a l  b a s e .  W aterfow l F orm ation  (5 -35-62- 
18W5, 1 0 5 4 2 ') .
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F ig . 53 -  Core p h o to g ra p h  o f  c r y p ta Ig a la m in a te  b r e c c ia ,  
W aterfow l F o rm atio n  (6-36-53-12W 5, 1 0 0 2 5 ') .
F ig .  54 -  Core p h o to g ra p h  o f  f l a t - p e b b le  c o n g lo m e ra te s
o v e r ly in g  c r y p ta lg a la m in a te s ,  c l a s t s  have a s im i l a r  
c o m p o s itio n  to  th e  i n t e r v a l  be low . Upper Lynx U n it  
(5-35-62-18W 5, 1 0 2 9 6 ') .
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F ig . 55 -  Core p h o to g ra p h  o f  c r y p ta lg a la m in a te s .  N ote 
d e s ic c a t io n  c r a c k s .  S u llivan /D eadw ood  F o rm ation  
(5-35-62-18W 5, 1 0 5 3 1 ') .
F ig . 56 -  Core p h o to g ra p h  o f  s o f t - s e d im e n t  d e fo rm a tio n  
s t r u c t u r e  a s s o c ia te d  w ith  th e  i n t e r v a l  above . 
S u llivan /D eadw ood  F o rm a tio n  (5-35-62-18W 5, 10527'
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F ig . 57 -  P h o tom icro g raph  o f  c r y p ta lg a la m in a te  b r e c c ia
( s e e  a l s o  F ig .  5 1 ) . D ark a r e a s  a r e  p ro b a b ly  a l g a l  
m a te r i a l  and e n c lo s e s  o n c o l i t e s  o r  a lg a l  p e lo id s .  
W aterfow l F o rm atio n  (6-36-63-12W 5, 1 0 0 2 7 ') .
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F l a t  a l g a l- la m in a te d  se d im e n ts  s im i la r  to  th e  c r y p ta lg a la m in a te s  
d e s c r ib e d  above a r e  fo rm ing  to d a y  in  th e  i n t e r t i d a l  zone o f  
s h e l t e r e d  h y p e r s a l in e  embayments in  S hark  Bay, w e s te rn  A u s t r a l i a  
(D a v ie s , 1970b), and in  th e  u p p e r p a r t s  o f  th e  i n t e r t i d a l  zone 
in  th e  P e r s ia n  G u lf (S h in n , 1973 ). By a n a lo g y , c r y p ta lg a la m in a te s  
were form ed in  th e  i n t e r t i d a l  zo n e . At t im e s  o f  e x p o s u re , th e s e  
se d im e n ts  w ere s u b je c te d  t o  d e s ic c a t io n  fo llo w e d  by th e  
fo rm a tio n  o f  c ry p ta lg a la m in a te  b r e c c ia  and f l a t - p e b b le  c o n g lo m e ra te s , 
Slump f o ld s  a r e  p ro b a b ly  th e  r e s u l t  o f  s o f t - s e d im e n t  d e fo rm a tio n .
-  I l l  -
FLAT-PEBBLE CONGLOMERATE (FACIES 5 ) ;
T h is  f a c i e s  i s  m ost abundan t in  th e  Deadwood and S u l l iv a n  
F o rm a tio n s , b u t  i s  a l s o  p r e s e n t  in  th e  A rctom ys and P ik a  
F o rm a tio n s , and th e  Upper Lynx u n i t .
T h is  f a c i e s  may be a s s o c ia te d  w ith  c ry p ta lg a la m in a te s  
(F a c ie s  4 ) ,  s h a le s ,  in te r la m in a te d  s h a le s  and s i l t s t o n e s ,  
o o l i t i c  g r a in s to n e s  (F a c ie s  3 ) ,  and (o r )  m o tt le d  d o lo m it ic  
m udstones (F a c ie s  1 and 2 ) ,  and b i r d 's - e y e  s t r u c t u r e s .
C la s t s  a re  u s u a l ly  s im i la r  t o  th e  ro c k s  a s s o c ia te d  w ith  them , 
th e y  u s u a l ly  have rounded edges and may re a c h  up to  7 cm. in  
d ia m e te r .  The m a tr ix  betw een th e  c l a s t s  may be b i o c l a s t i c  
composed o f  frag m en ts  o f  t r i l o b i t e s ,  ech inoderm  p l a t e s  and 
s p i c u l e s ,  o r  p h o s p h a tic  f o s s i l  f ra g m e n ts . In  p la c e s ,  th e  m a tr ix  
i s  composed o f  s p a r ry  c a l c i t e  o r  d o lo m ite . G la u c o n ite  i s  p r e s e n t  
in  few sam p les . Few c l a s t s  a r e  b o red  in d ic a t in g  t h a t  th e y  w ere 
c o n s o lid a te d  when d e p o s ite d  (Brornly, 1970). O th er f ra g m e n ts  show 
d e s ic c a t io n  c r a c k s ,  a n d .o th e r s , have a t h in  c o a t in g  o f 'a l g a l  
m a t e r i a l .  C la s ts ,  in  f l a t - p e b b le  c o n g lo m e ra te s  may be  o r i e n t e d  
w ith  t h e i r  lo n g  ax es  p a r a l l e l  t o  b e d d in g , o r  a t  an a n g le  t o  i t ,  
o r  even p e rp e n d ic u la r  to  i t .
DEPOSITIONAL ENVIRONMENTS;
F la t- p e b b le  c o n g lo m era tes  a r e  v e ry  c h a r a c t e r i s t i c  o f  modern and 
a n c ie n t  t i d a l  f l a t  d e p o s i t s .  They have been r e f e r r e d  t o  a s  
f l a t - p e b b le  c o n g lo m e ra te , e d g e -w ise  c o n g lo m e ra te , in t r a f o r m a t io n a l  
c o n g lo m e ra te , and f l a k e s to n e s . They have been d e s c r ib e d  from
-  1 1 2  -
s u p r a t id a l  and i n t e r t i d a l  zones  o f  Sharlc Bay, w e s te rn  
A u s t r a l ia  (D a v ie s , 1 970a), s u p r a t i d a l  env iron m en t and s u b -  
t i d a l  c h a n n e ls  o f  th e  Bahamas and F lo r id a  Bay (S h in n  e t  a l . ,
1969, and S h in n , 1983), from  th e  Cam brian C a r ra ra  F o rm a tio n  
in  th e  S o u th e rn  G re a t B a s in  by H a ile y  (1 9 7 5 ), th e  O rd o v ic ia n  
T r ib e s  H i l l s  F o rm atio n  in  th e  Mohawk V a lle y , New York by 
B raun and Friedm an (1 9 6 9 ), th e  Upper Cam brian fo rm a tio n s  o f  
M ontana and Wyoming by Lochman (1 9 5 7 ), th e  Cam brian L an cara  
F o rm ation  o f  S p a in  (Z am arreno , 1975). S epkosk i (1982) 
a t t r i b u t e d  th e  abundance o f  f l a t - p e b b le  c o n g lo m e ra te s  i n  th e  
Cam brian and O rd o v ic ia n  se d im e n ts  t o  t h e i r  p r e s e r v a t io n  n e a r  
th e  se d im e n t-w a te r  c o n ta c t  w here th e y  c o u ld  become r a p id ly  
cem ented . A f te r  th e  O rd o v ic ia n , when th e  e x p a n s io n  o f  th e  
in fa u n a  le d  t o  g r e a t e r  b io tu r b a t io n  o f  bo ttom  se d im e n ts  and 
in c re a s e d  d e s t r u c t io n  o f  b ed s  b e fo r e  c e m e n ta tio n , d e p o s i t io n  
o f  f l a t - p e b b le  c o n g lo m e ra te s  became c o n fin e d  t o  en v iro n m en ts  
w here in fa u n a  was r e s t r i c t e d .
In  S hark  Bay, w e s te rn  A u s t r a l i a ,  D av ies (1970a) r e c o g ­
n iz e d  t h r e e  s te p s  in  w hich m odern f l a t - p e b b le  c o n g lo m e ra te s
a r e  fo rm in g : a )  d e s ic c a t io n  d u e jth e rm a l e x p a n sio n  and c o n t r a c -
r
t i o n ,  b ) upwedging o f  s h a le s ,  and c ) b lo c k s  o v e r tu rn e d  by 
s to rm s o r  w inds to  g iv e  t y p i c a l  " f l a t - p e b b le  c o n g lo m e ra te " . 
F la t - p e b b le  c o n g lo m e ra te s  a r e  o f te n  a s s o c ia te d  w ith  a l g a l -  
la m in a te d  se d im e n ts  ( c r y p ta lg a la m in a te s )  (D a v ie s , 1970a; H a ile y , 
1975, and Z am arreno , 1975). The p r e s e n t  o b s e rv a t io n s  s u g g e s t  
t h a t  d e s ic c a t io n  o f  c r y p ta lg a la m in a te s  r e s u l t s  in  th e  b re a k in g  o f
- 113 -
th e  ro c k s  i n to  sm a ll f ra g m e n ts  (F ig . 55) n e a r  th e  to p  o f  th e  
bed . L a te r  rew o rk in g  by c u r r e n t s  r e s u l t s  in  th e  c o n c e n t r a t io n  
o f  th e s e  f ra g m e n ts  on d i s t i n c t i v e  b ed s  and th e  ro u n d in g  o f  t h e i r  
edges (F ig . 5 8 ) ,  th e  new ly form ed bed may o r  may n o t  be 
s im i la r  l i t h o l o g i c a l l y  t o  th e  u n d e r ly in g  bed d ep en d in g  on th e  
d i s ta n c e  o f  t r a n s p o r t  and th e  d e p o s i t io n a l  e n v iro n m e n ts .
T h is  f a c i e s  ifas p ro b a b ly  form ed in  th e  s u p r a t i d a l  o r  
i n t e r t i d a l  e n v iro n m e n ts . The v e r t i c a l  o r i e n t a t i o n  o f  c l a s t s  
may r e p r e s e n t  a  p o s i t i o n  o f  s t a b i l i t y  in  a reg im e dom ina ted  by 
t i d a l  c u r r e n t s  ( G r in n e l l ,  1974 ). S in c e  th e  c l a s t s  have  rounded  
edges th e y  m ust have been  s u b je c te d  to  some re w o rk in g . In  
p la c e s ,  th e  f l a t - p e b b l e  c o n g lo m e ra te s  a re  o v e r l a in  by t h i n  
i n t e r v a l s  o f  s h a le .  T hese s h a le  i n t e r v a l s  may r e p r e s e n t  d e p o s i­
t i o n  from  c la y  s u s p e n s io n  d u r in g  s la c k  c o n d i t io n s .
114
F ig . 58 -  F la t - p e b b le  c o n g lo m e ra te s . Upper Lynx U n it 
(10-31-54-12W 5, 1 0 2 3 4 ') .
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TEXTURAL ANALYSIS:
A t o t a l  o f  67 s a n d s to n e  sam ples were p o in t- c o u n te d  
under th e  p é t r o g r a p h ie  m ic ro sco p e  f o r  th e  d e te r m in a t io n  o f 
c o m p o s itio n  and t e x t u r a l  p a ra m e te rs  o f th e  s a n d s to n e s .  Two 
t o  t h r e e  hundred  p o in ts  w ere c o u n te d  p e r  t h in  s e c t i o n .  G ra in  
s i z e  was d e te rm in e d  u s in g  h a l f - p h i  i n t e r v a l s .  G ra in  s i z e  
s t a t i s t i c s  f o r  th e  mean (M^) and s ta n d a rd  d e v ia t io n  (O^ ) w ere 
o b ta in e d  u s in g  th e  g ra p h ic  m ethod (F o lk , 1974, p . 44 -46)
(T ab le  3 ) .
C om paction, o v e rg ro w th , and c e m e n ta tio n  o f ’th e  s a n d s to n e s  
have a l t e r e d  th e  g r a in  m orphology . T h e re fo re , p o in t  c o u n tin g  
VTas l im i te d  to  sam ples w here th e  o r i g i n a l  sh ap e  o f  th e  g r a in  
c o u ld  be d e te rm in e d . For th e  same re a s o n , no e x te n s iv e  s t a t i s ­
t i c a l  a n a ly s i s  h a s  been  c a r r i e d  o u t .
The g r a in  s i z e  s t a t i s t i c s  w ere c a lc u la te d  u s in g  o n ly  
th e  d a ta  f o r  th e  sand  f r a c t i o n  (0.44mm-2 .00mm) .  The e l im in a ­
t i o n  o f  th e  la g  g r a v e l  f r a c t i o n  ( >  2.00mm) may e n a b le  more 
m ea n in g fu l c o r r e l a t i o n s  b e tw een  th e  g r a in  s i z e  p a ra m e te rs  and 
d e p o s i t io n a l  p r o c e s s e s .
To in s u r e  a p ro p e r  co m p ariso n  betw een th e  t e x t u r e s  o f  
d i f f e r e n t  s e d im e n ts , s t a t i s t i c a l  a n a ly s e s  w ere pe rfo rm ed  o n ly  
on q u a r tz  sand  g r a i n s .  The s e l e c t i o n  o f one m in e ra l  f o r  
com parison  e l im in a te s  g r a i n - s i z e  v a r i a t i o n s  r e l a t e d  to  m in e ra l  
c o m p o s itio n .
The p l o t  o f  Mean g r a in  d ia m e te r  (M^) v s .  s ta n d a rd  d e v ia ­
t i o n  (F ig . 59 ) shows a c l e a r  d i s t i n c t i o n  betw een th e  sandr-'
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TABLE 3' -  GRAIN SIZE PARAMETERS OF SANDSTONES*
Sample
No.
) W entw orth S c a le 0 J (  0 ) F o lk 's  (1974) 
S c a le
1 3 .90 v e ry  f i n e  sand 0 .3 4 v e ry w e l l  s o r te d
3A 3 .6 0 M I I  t l 0 .41 w e ll s o r te d
4 3 .7 0 n 11 II 0 .3 7 1 I I
13 4 .0 0 11 11 1 0 .3 9 I I I I
15 3 .8 0 0 .31 v e ry w e l l  s o r te d
19 2 .16 f in e  sand 0 .5 0 w e ll s o r te d
25 2 .3 0 I I  II 0 .4 0 II
26 2 .2 7 I t  I t 0 .4 8 I I I I
27 2 .2 8 0 .6 2 Mod. w e ll  s o r te d
28 2 .2 3 I I  I I 0 .4 4 w e ll s o r te d
29 2 .22 I f  II 0 .4 2 I I
31 2 .4 5 I I  II 0 .5 3 mod. w e l l  s o r te d
39 3 .43 v e ry  f i n e  sand 0 .3 6 w e ll s o r t e d
60 2 .1 6 f in e  sand 0 .3 6
65 2 .6 7 I I  I I 1 .00 p o o r ly  s o r t e d
66 2 .03 I I  II 0 .37 w e ll s o r t e d
68 2 .10 I I  II 0 .5 6 mod. w e l l  s o r te d
69 2 .17 11 11 0 .7 9 mod. s o r t e d
71 1 .90 medium sand 0 .4 8 w e ll s o r te d
73 2 .0 0 0 .5 2 mod. w e ll  s o r te d
74 2 .2 6 f in e  sand 0 .4 7 w e ll s o r t e d
75 2 .2 3 11 II 0 .4 7 I I
76 1.97 medium sand 0 .7 4 mod. s o r t e d
77 2 .3 0 f in e  sand 0 .5 7 mod. w e ll  s o r te d
78 2 .83 0 .57 11 II
79 2 .50 I I  11 0 .66 I I  11
80 2 .40 I I  11 0 .4 8 w e ll s o r t e d
81 2 .53 I I  11 0 .4 9 11
84 3 .53 v e ry  f i n e  sand 0 .4 7 I I
85 1 .63 medium sand 0 .7 8 mod. s o r te d
86 1.67 I I  II 0 .7 4 I t 11
87 1 .97 11 II 0 .9 9 11 I f
93 1 .03 medium sand 0 .81 I I 11
94 0 .8 3 c o a rs e  sand 1 .00 p o o r ly  s o r te d
95 1.43 medium sand 0 .6 6 mod. w e ll  s o r te d
107 2 .6 0 f in e  sand 0 .4 9 w e ll s o r te d
108 2 .77 0 .5 5 mod. w e ll  s o r te d
110 1 .6 0 medium sand 0 .5 2 I I 11 11
111 0 .9 0 c o a rs e  sand 0 .6 7 11 11 I I
118 2 .23 f in e  sand 0 .6 8 11 11 11
120 2 .10 0 .3 3 v e ry w e ll  s o r t e d
129 2 .97 0 .4 3 w e ll s o r te d
131 3 .13 v e ry  f i n e  sand 0 .3 6 M 11
132 1 .50 medium sand 1 .06 p o o r ly  s o r t e d
133 2 .53 f in e  sand 0 .4 5 w e ll s o r te d
134 0 .2 0 c o a rs e  sand 0 .5 2 mod. w e l l  s o r te d
135 2 .6 3 f in e  sand 0 .4 5 w e ll s o r t e d
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TABLE 3 (Cont'd,)
Sample Mg( 0 ) W entw orth S c a le :) F o l k 's  (1974)
No. S c a le
135 2 .63 f in e  sand 0 .4 5 w e ll  s o r t e d
136 1.23 medium sand 0 .5 5 mod. w e ll  s o r t e d
137 1 .57 Tl IT 0 .4 8 w e ll  s o r t e d
139 1.03 11 II 0 .6 4 mod. w e ll  s o r te d
141 0 .2 3 c o a rs e  sand 0 .9 7 mod. s o r t e d
143 0 .8 0 0 .8 5 I I  IT
145 0 .3 8 11 II 1.18 p o o r ly  s o r t e d
148 0 .7 0 II  II 0 .88 mod. s o r te d
150 0 .1 0 0 .8 0
151 1 .00 medium sand 1 .00 p o o r ly  s o r te d
154 0 .8 3 c o a rs e  sand 0 .9 6 mc'd. s o r t e d
160 2 .8 3 f in e  sand 0 .5 0 w e ll  s o r t e d
164 1 .20 medium sand 0 .4 8 I I  11
174 2 .7 0 f in e  sand 0 .4 9 I I  Tl
177 3 .0 0 I I  II 0 .3 4 v e ry  w e ll  s o r t e d
220 2 .5 0 I t  11 0 .4 0 w e ll  s o r te d
221 1.00 c o a rs e  sand 0 .51 mod. w e ll  s o r t e d
228 1 .00 11 11 0 .51
237 2 .6 3 f in e  sand 0 .4 5 w e l l  s o r t e d
241 2 .2 7 II  IT 0 .8 4 mod. s o r t e d
* Based on p o in t- c o u n t in g
= ( 015+050+084)/3
084-016 , 095-05
~ ~ 4  + 6 . 6
. %
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s to n e s  o f  th e  B a sa l S an d sto n e  u n i t ,  Sak\fatamau Member, S te p h e n , 
and Deadwood ( S u l l iv a n )  F o rm a tio n s . P lo ts  o f  s t a t i s t i c a l  g r a i n -  
s iz e  p a ra m e te rs  have been  u sed  on r e c e n t  and a n c ie n t  se d im e n ts  
to  d i s t i n g u i s h  betw een  d e p o s i t io n a l  en v iro n m en ts  ( e .g .  F riedm an , 
1957; F o lk  and Ward, 1957; N ordstrom , 1977; G o ld r in g , 1980 ). 
D if fe r e n c e s  in  g r a in  s i z e  p a ra m e te rs  may be r e l a t e d  t o  th e  
e n e rg y  o f  th e  c u r r e n t s  ( B l a t t  e t  a d . ,  1972)/ a s  com petence 
d e c re a s e s ,  th e  c o a r s e r  f r a c t i o n  i s  d e p o s i te d ,  r e s u l t i n g  
in  b e t t e r  s o r t i n g .  F ig u re  59 s u g g e s ts  t h a t  th e  S tep h en  and 
Deadwood s a n d s to n e s  (m a in ly  g lau c o n y  f a c i e s )  w ere d e p o s i te d  
under low en erg y  c o n d i t io n s ,  w h ile  th e  Sakwataraau and B a sa l Sand­
s to n e  u n i t  (m a in ly  q u a r t z a r e n i t e s )  w ere d e p o s ite d  u n d er h ig h e r  
energ y  co n d itio n sy W h ich  d e p o s i te d  c o a r s e r  and more p o o r ly  s o r te d  
sa n d s . The Mount Whyte s a n d s to n e s  show a w ide ran g e  o f  g r a in -  
s i z e  and s o r t i n g .  These v a r i a t i o n s  in  g r a in  s i z e  p a ra m e te rs  can  
be e x p la in e d  by th e  i n t e r a c t i o n  o f  d i f f e r e n t  t r a n s p o r t i n g  a g e n ts ,  
e .g .  s to rm s , w aves, and c u r r e n t s  ( s e e  a ls o  p . 171 ).
■.,1
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F i g .59 -  S c a t t e r  p l o t .  G rap h ic  Mean v s .  s ta n d a rd  d e v ia t io n .
-  1 2 1  -
GLAUCONITIC SANDSTONE (GLAUCONY) FACIES ( f a c i e s  6 ) ;
T h is  f a c i e s  i s  abu n d an t in  th e  Mount W hyte, S te p h en , 
E a r l i e ,  and th e  Deadwood F o rm a tio n s , and th e  Sakwatamau 
Member o f  th e  E ldon F o rm atio n .
I t  i s  composed o f  g l a u c o n i t i c  s a n d s to n e s  and s i l t ­
s to n e s ,  o f te n  in te r la m in a te d  w ith  d a rk  g ray  s h a le s  (F ig .
6 0 ) . L am ina tion  w i th in  th e  san d s  i s  u s u a l ly  due to  th e  
c o n c e n t r a t io n  o f  g la u c o n i te  in  lam in a e . S ed im en ta ry  
s t r u c t u r e s  in c lu d e  r i p p l e  c r o s s - la m in a t io n ,  l e n t i c u l a r  
and f l a s e r  la m in a t io n s ,  and p la n e  la m in a t io n . S t r u c tu r e s  
a r e  o f te n  o b l i t e r a t e d  by e x te n s iv e  b u rrow ing  and b i o t u r ­
b a t io n  (F ig s .  61 and 62 ) .  Only in  th e  Deadwood F o rm atio n  
a r e  th e  p rim ary  s e d im e n ta ry  s t r u c t u r e s  w e ll  p r e s e rv e d .
The c h a r a c t e r i s t i c  se d im e n ta ry  s t r u c t u r e s  in  t h i s  fo rm a tio n  
a r e  lo w -a n g le  c r o s s - la m in a t io n  and r e a c t i v a t i o n  s u r f a c e s  
( F i g .6 3 ) .
S a n d s to n e s  may o cc u r a s  t h i n  beds o f  sand  (up to  3cm 
in  th ic k n e s s )  s e p a r a te d  by t h i n  lam in ae  o f  s h a le .  I n d iv id u a l  
beds have p a r a l l e l - l a m i h a t i o n ,  b i o tu r b a t i o n s ,  and s l i g h t l y  
u n d u la t in g  c o n ta c ts  (F ig , 5 1 ) .
In  p la c e s ,  p a r t i c u l a r l y  in  th e  Mount Whyte F o rm a tio n , 
th e  u p p er p a r t  o f  th e  bed i s  h e a v i ly  b io tu r b a te d  and th e  
d eg re e  o f  b io tu r b a t io n  and b u rro w in g  d ecreases 'd o w n w ard  (F ig . 
6 4 ) .  T hese c o u p le ts  a r e  th o u g h t to  r e p r e s e n t  a s in g l e  
s e d im e n to lo g ic a l  e v e n t (G o ld rin g  and B r id g e s , 1973).
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F ig . 50 -  Core p h o to g ra p h  o f  a g l a u c o n i t i c  s a n d s to n e .
N ote p a r a l l e l - l a m i n a t e d  and b io tu r b a te d  i n t e r v a l s  
a r e  o v e r l a in  by t h i n  s h a le  lam in a e . S tep h en  
F o rm atio n  {1-34-57-22W 4, 7 0 2 7 ') .
F ig . 51 -  Core p h o to g ra p h  o f  b io tu r b a te d  g l a u c o n i t i c  s a n d s to n e . 
Mount ^ # y te  F o rm ation  (5-35-52-18W 5, 1 1 1 9 7 ') .
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F ig . 52 -  C ore p h o to g ra p h  o f  h e a v i ly  b io tu r b a te d  g l a u c o n i t i c  
s a n d s to n e . Sakwatamau Member o f  th e  E ldon F o rm a tio n  
(1-34-57-22W 4, 5 8 8 1 ') .
F ig . 53 -  Core p h o to g ra p h  o f  g l a u c o n i t i c  s a n d s to n e  show ing 
lo w -a n g le  c r o s s - la m in a t io n  and r e a c t i v a t i o n  s u r f a c e s  
o v e r l a in  by p a r a l l e l - l a m i n a t e d  and b io tu r b a te d  i n t e r v a l  
S u llivan /D eadw ood  F o rm atio n  (5-35-62-18W 5, 1 0 5 1 3 ') .
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F ig . 64 -  Core p h o to g ra p h  o f  burrow ed g l a u c o n i t i c  s a n d s to n e . 
N ote t h a t  th e  d e g re e  o f  b i o tu r b a t io n  and b u rro w in g  
d e c re a s e s  downwards. Mount Whyte F o rm ation  (5 -3 5 -6 2 -  
I8W5, 1 1 1 3 5 ')
-  127  -
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G la u c o n it ic  s a n d s to n e s  a r e  composed o f  g la u c o n i te ,  w hich 
may form  up to  88% o f  th e  sam ples (T ab le  4 ) ,  q u a r t z ,  f e l d ­
s p a r s ,m ic a ,  and in  p la c e s ,  c a lc a re o u s  and p h o s p h a tic  f o s s i l  
fra g m en ts  (F ig s .  65 and 6 6 ) .  G la u c o n ite  g r a in s  a r e  rounded 
p e lo id s ,  v e r m i c u l i t i c ,  o r  m icaceous and a n g u la r .  P e lo id s  
have d i f f e r e n t  c o lo r s  in c lu d in g  deep  g re e n , b ro w n ish  g re e n , 
and p a le  y e llo w is h  g re e n . Some g r a in s  have m o tt l in g s  o f  two
o f  th e s e  c o lo r s .  A ll  th e  v a r i e t i e s  o f  g la u c o n i te  may e x i s t
in  th e  same sam p le . Q u a rtz  ra n g e s  from  v e ry  f i n e  t o  c o a rs e  
g r a in e d ,  v e ry  w e ll  to  m o d e ra te ly  s o r t e d ,  and a n g u la r  t o  ro u n d ­
e d  a n d  , h a s  s t r a i g h t  to  wavy e x t i n c t i o n .  T here  i s  a g e n e ra l  
d e c re a s e  in  g r a in  s i z e  and an im provem ent o f  s o r t i n g  in  younger 
s t r a t a  (F ig . 6 9 ) .  in  p la c e s ,  g r a in s  may show q u a r tz  o v e rg ro w th s . 
F e ld s p a r s  (u p  tO ' 45%' o f  th e . sand  f r a c t i o n )  a r e  m ic ro c l in e  
and un tw inned  a u th ig e n ic  g r a i n s .  A number o f  m ic ro p ro b e  
a n a ly s e s  show t h a t  th e  m a jo r i ty  o f f e ld s p a r s  a r e  p u re  e n d -
member k - f e ld s p a r s  (T ab le  5 ) .  F e ld s p a r s  te n d  t o  be  more
abundan t in  th e  f i n e r  g ra in e d  se d im e n ts  (F ig . 6 7 ) .
C a lc a re o u s  and p h o s p h a tic  f o s s i l  f rag m en ts  and p h o s p h a t ic /  
g l a u c o n i t i c  o o id s  have been  n o t ic e d  in  p la c e s .  They a r e  u s u a l ly  
e lo n g a te d  and o r ie n te d  p a r a l l e l  to  b edd ing  (F ig . 65 ) .  M a tr ix  
i s  r a r e  and u s u a l ly  in  th e  form  o f  c h l o r i t i c  f i lm s  a round  th e  
g r a i n s .
Odin and M a tte r  (1981) d i f f e r e n t i a t e d  betw een  g lau c o n y  
(a f a c i e s )  and a g l a u c o n i t i c  fa m ily  o f  m in e ra ls  w ith  g l a u c o n i t i c  
m ica a s  end members.
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F ig . 65 -  P ho tom icrog raph  o f  f o s s i l i f e r o u s  g l a u c o n i t i c
sa n d s to n e . Deadwood F o rm atio n  ( 2-16-56-22W 4, 6635%' 
IIL, 120X. (Blue is an impregnated dye) .
F ig . 66 -  P ho tom icrog raph  o f  a g l a u c o n i t i c  s a n d s to n e .
G la u c o n ite  in  t h i s  sam ple may form  more th a n  88% 
o f  th e  ro c k  (sam ple 82, T a b le  4 ) .  Mount Whyte • 
F orm ation  (5-35-62-18W 5, 1 1 1 7 9 ' ) .  ML, 78X.
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F ig . 67 -  S c a t t e r  p l o t ,  % f e l d s p a r s  v s .  Mean g r a in  s i z e  
o f  q u a r t z .
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G la u c o n i t ic  f a c i e s  a r e  fo rm in g  on p r e s e n t -d a y  c o n tin e n ­
t a l  s h e lv e s  a t  w a te r  d e p th s  betw een  50 and 500m (Odin 
and M a tte r ,  1981). G la u c o n ite  i s  r a r e  above 10m and o n ly  
g o e th i te  h a s  been  o b se rv e d  above t h i s  d e p th  (P o rre n g a , 1967).
G la u c o n i t iz a t io n  i s  c o n t r o l l e d  by th e  a v a i l a b i l i t y  o f  
p o ta ss iu m  and th e  a c cu m u la tio n  r a t e  o f  s e d im e n ts . Slow 
d e p o s i t io n  beyond th e  zone o f  f l u v i a l  in f lu e n c e  p e rm its  i ro n  
and p o ta ss iu m  to  be in c o r p o r a te d  w i th in  th e  g eo ch em ica l 
r e a c t io n  (O din and M a tte r ,  1981 ). The g lau co n y  f a c i e s  i s  
c h a r a c t e r i s t i c  o f  open m arin e  en v iro n m en ts  (O din and M a tte r ,  
1981; P o rre n g a , 1967). C h a m o sitic  m in e ra ls*  ( b e r th e r in e  and 
c h a m o site )  a r e  u s u a l ly  m o rp h o lo g ic a lly  i n d i s t in g u i s h a b l e  
from  g la u c o n i te ,  th e y  dom ina te  on th e  s h e l f  ( o f f  r i v e r  d e l t a s ,  
w hereas g la u c o n i te  i s  fo rm ing  in  d e e p e r  w a te r  on th e  o u te r  
s h e l f  and up p er s lo p e  (open  m arin e  env iro n m en t) (O din and 
M a tte r ,  1981; P o rre n g a , 1967 ).
A summary o f  th e  g la u c o n i te  co m p o s itio n  from  th e  l i t e r a ­
t u r e  i s  shown in  T ab le  6 . . The c o m p o s itio n  o f  th e  Cam brian 
g la u c o n i te s  in  t h i s  s tu d y  com pares c lo s e ly  w ith  g la u c o n i te s  in  
o th e r  a r e a s .  The m ost o b v io u s  d i f f e r e n c e  i s  th e  low A I2 O2
* B e r th e r in e :  i s  an i r o n - a lu m in ^  7A t r i o c t a h e d r a l  s e r p e n t in e .
C ham osite : i s  an i r o n - r i c h  14Â t r i o c t a h e d r a l  c h l o r i t e .  The
name h a s  been  a p p l ie d  t o  7À and 14Â m in e r a l s .  
B e r th e r in e  p red o m in a te s  in  M esozoic to  r e c e n t  c h a m o s it ic  
p e lo id s  and o o id s ,  w h ile  c h a m o site  i s  m ost common in  P a le o z o ic  
o o l i t i c  i r o n s to n e s  (Van H outen and P u ru c k e r , 1984).
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c o n te n ts  o f  th e  R ecen t g l a u c o n i te .  Berg-M adsen (1983) i n t e r ­
p re te d  th e  d e p o s i t io n a l  e n v iro n m en t o f  h igh -a lum inum  g lau c o n y  
a s  sh a llo w  ( <  50m) and c o o l w a te r .  T r i l o b i t e s  c o l l e c t e d  from  
th e  s h a le s  e n c lo se d  w i th in  th e  g lau c o n y  f a c i e s  o f  th e  S te p h en s  
F orm ation  a r e  b e n th o n ic  form s and s u g g e s t  an o p e n -m a rin e , 
s u b t id a l  en v iro n m en t o f  s h a llo w  w a te rs  below  wave b a se  and 
p ro b a b ly  do\m to  d e p th s  o f  50 f t .  (R aasch , 1984, m s . ) .  No 
b e r th e r in e  has  been  d e te c te d  in  t h i s  s t u d y .
When g lau co n y  f a c i e s  o v e r l i e s  a q u a r t z a r e n i t e  f a c i e s ,  
th e  fo rm er shows c o a rs e n in g  upward accom panied by a d e c re a s e  
in  s o r t i n g ,  w h ile  th e  l a t t e r  shows a f i n i n g  upward accom panied  
by an im provem ent in  s o r t i n g  ( F ig s .  68 and 69 ) .  T h is  upward 
in c r e a s e  in  g r a in  s i z e  s u g g e s ts  t h a t  th e  g lau c o n y  f a c i e s  i s  
r e g r e s s iv e  in  n a tu r e .  The f i n i n g  upward in  g r a in  s i z e  in  th e  
q u r t z a r e n i t e  f a c i e s  may r e f l e c t  a g ra d u a l  d e c re a s e  in  th e  
en erg y  o f  th e  t r a n s p o r t i n g  a g e n ts  o r  th e  d e p le t io n  o f  th e  so u rc e  
s e d im e n ts .
From th e  above summary i t  can  be in f e r r e d  t h a t  t h i s  
f a c i e s  was d e p o s ite d  in  an o p e n -m a rin e  env ironm en t in  a  p e r io d  
o f  slow  d e p o s i t io n  d u r in g  a r e g r e s s io n .  The p re s e n c e  o f  f l a s e r -  
and l e n t i c u l a r  la m in a t io n s ,  p a r a l l e l  la m in a t io n  .(ca u se d  by a l t e r n a ­
t io n  betw een g l a u c o n i t i c  and q u a r t z  and f e ld s p a r  la m in a e ) ,  low -
i
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CALIFORNIA STANDARD GULF KAYBOB 
5 - 3 5 - 6 2 - 1 8 W 5
D epth
Feet
1 1 1 3 0
1 1 1 4 0  _
1 1 1 5 0
11 16 0
1 1 170
1 1 1 8 0
1 1 1 9 0
11200 -a
1 12 1 0  -
1 1 2 2 0
1 1 2 3 0  -
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F ig . 68 -  Core lo g  o f  th e  Kaybob 5-35  w e ll show ing a g lau c o n y  
f a c i e s  in  th e  Mount Whyte F o rm atio n  o v e r ly in g  a q u a r t z ­
a r e n i t e  f a c i e s .
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PEX MEDHAT 6 - 3 6 - 1 9 - 1W 4
D epth  
F e e t m e tre s
7 1 2 0  2 1 7 0
7 1 3 0  ------
M z ( d )
7 1 4 0
7 1 5 0
7 1 6 0
7 1 7 0
2 1 7 5  -
2 1 8 5  -
1 2 3 4  .2 .4  .6  .8 1.0
L I l _ _ l  I 1-------- 1-------- 1---------1
\
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It.gy-
F ig . 69 -  Core lo g  o f  th e  Pex MedHat 6-35 w e ll  show ing a g lau co n y
f a c i e s  in  th e  Mount Whyte F o rm ation  o v e r ly in g  a q u a r t z a r e n i t e  
f a c i e s .  The g lau co n y  f a c i e s  in  t h i s  c a se  a l s o  c o n ta in  beds 
o f  i r o n  fo rm a tio n  f a c i e s .
- 141
an g le  c r o s s - la m in a t io n ,  r e a c t i v a t i o n  s u r f a c e s  and b i o tu r b a t i o n  
su g g e s t  t h a t  t h i s  f a c i e s  may have been  d e p o s i te d  u n d e r t i d a l  
in f lu e n c e .
T h is  f a c i e s  c o n ta in s  t h i n  beds ( e . g .  i n  th e  Mount Whyte 
Form ation) t h a t  a re  h e a v i ly  b io tu r b a te d  n e a r  th e  to p  w ith  v e r t i ­
c a l  burrow s in  th e  low er p a r t  ( F i g .  64 ).  S im i la r  o c c u rre n c e s  
in  th e  g e o lo g ic  r e c o rd  ( e . g .  G o ld r in g  and B r id g e s ,1973) w ere 
a t t r i b u t e d  to  s to rm  waves w i t h  superim posed  t i d a l  ebb  o r  
sto rm  su rg e  c u r r e n ts  a c t in g  d u r in g  th e  d e p o s i t io n  o f  s u b t i d a l  
s a n d s to n e s .
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QUARTZARENITE FACIES (FACIES 7 ) :
Q u a r tz a r e n i te s  a r e  s a n d s to n e s  in  w hich q u a r tz  form s 95% 
o r  more o f  th e  fram ew ork f r a c t i o n  ( G i l b e r t , i n  W illia m s  e t  a l . , 
1954, p . 294) .  T h is  f a c i e s  o c c u rs  in  th e  B a sa l S a n d sto n e  u n i t ,  
th e  Sakwatamau Member o f  th e  E ldon F o rm a tio n ,a n d  s p o r a d ic a l ly  in  
th e  Mount Whyte F o rm a tio n . A few sa n d s to n e s  w hich  c o n ta in  t r a c e  
am ounts o f  g la u c o n i te  o r  f e l d s p a r s  w e r e - i n c lu d e d 'i n - t h i s  f a c i e s .
T hese s a n d s to n e s  a r e  w h i te ,  y e llo w , r e d ,  o r  g r e e n . The 
B a sa l S a n d s to n e s  a r e  medium to  c o a rs e  g r a in e d , w ith  o c c a s io n a l  
b a s a l  c o n g lo m e ra te s . The sh ap e  o f  th e  g r a in s  i s  p re d o m in a n tly  
s u b a n g u la r  to  ro u n d ed . The sam ples a r e  w e ll  to  p o o r ly  s o r t e d .
I t  a p p e a rs  t h a t  t h e r e  i s  a d i r e c t  r e l a t i o n s h i p  ( f i n e r  sa n d s  a re  
b e t t e r  s o r te d )  betw een  g r a i n  s i z e  and s o r t in g  (F ig .  5 9 ) .  The 
Sakwatamau S a n d s to n e s  a r e  m o s tly  f i n e  g r a in e d , s u b a n g u la r  to  
rounded , and w e ll  t o  m o d e ra te ly  s o r t e d  ( F i g . 5 9 ) .  The Mount 
Whyte sa n d s  show a w ide ran g e  o f  s i z e s  and s o r t i n g .  They v a ry  
betw een v e ry  f i n e  to  c o a rs e  g r a in e d ,  and w e ll  t o  p o o r ly  s o r t e d .  
T here  i s  no a p p a re n t  r e l a t i o n s h i p  betweem g r a in  s i z e  and s o r t i n g  
( F i g .  5 9 ) .  G ra in s  a r e  s u b a n g u la r  to  rounded . The s a n d s to n e s  
a re  composed a lm o s t e n t i r e l y  o f  m o n o c ry s ta l l in e  q u a r t z ,  a lth o u g h  
p o l y c r y s t a l l i n e  q u a r tz  may be  ab undan t i s  th e  c o a rs e  g r a in e d  and 
g r a v e l  f r a c t i o n s .  The m a jo r i ty  o f  q u a r tz  g r a in s  show u n d u lo se  
e x t i n c t i o n .  Q u a rtz  o v e rg ro w th s  a r e  a b u n d an t, how ever, th e  boun­
d a r i e s  o f  th e  o r i g i n a l  g r a in s  a r e  o f te n  p re s e rv e d  by a t h in  
f i l m  d u s t  ( F i g .  7 0 ) .  A few g r a in s  have rounded o v e rg ro w th s
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F ig . 70 -  P h o tom icro g raph  o f  a  q u a r t z a r e n i t e  show ing 
q u a r tz  o v e rg ro w th s  w ith  o p t i c a l  c o n t in u i ty  
w ith  th e  d e t r i t a l  h o s t  g r a in s ,  and s i l i c a  
cem ent (arrow ) n o t  in  o p t i c a l  c o n t in u i ty  w ith  
any o f  th e  su rro u n d in g  g r a i n s .  ,
B a sa l S an d sto n e  u n i t  (8 -17-50-25W 4,8 9 7 8 ') .
PL, 125X.
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F ig s . 71 and 7 2 ) .  G ra in s  c o n ta c ts  v a ry  from  s t r a i g h t ,  to  
c u r v i l i n e a r ,  t o  s u tu re d  ( F i g .  7 3 ) .  However, th e  s u tu re d  
c o n ta c ts  a p p e a r  t o  be betw een  overg ro w th s r a t h e r  th a n  
d e t r i t a l  g r a in s  ( F i g .  7 4 ) .  P o ly c r y s t a l l i n e  q u a r tz  g r a in s  
a re  m ain ly  o f  th e  " u n s ta b le "  ty p e  (Young, 1975) composed o f  
e lo n g a te d  c r y s t a l  u n i t s  c h a r a c te r iz e d  by u n d u lo se  e x t i n c ­
t i o n  and su rro u n d e d  by a g g re g a te s  o f  sm a ll c r y s t a l s  (F ig s .
75 and 7 5 ) .  A few p o l y c r y s t a l l i n e  q u a r tz  g r a in s  a r e  
composed o f  e q u ig r a n u la r  c r y s t a l  u n i t s  w ith  s t r a i g h t  c r y s t a l -  
c r y s t a l  b o u n d a r ie s . O th e r  g r a in s  c o n ta in  two o r  th r e e  
c r y s t a l  u n i t s  w i th  u n d u lo se  e x t in c t io n .  D e t r i t a l  f e ld s p a r s  
a r e  r a r e  in  t h i s  f a c i e s  and composed m ain ly  o f  m ic r o c l in e .  
A u th ig e n ic  o v e rg ro w th s  on f e ld s p a r  g r a in s  a r e  common 
(F ig . 77) .  A few m ic ro p ro b e  a n a ly s e s  o f  d e t r i t a l  f e ld s p a r  
g r a in s  and a u th ig e n ic  o v e rg ro w th s  show t h a t  th e y  a r e  p u re  
K - fe ld s p a r s  (T a b le  7 ) .  Heavy m in e ra ls  a re  a l s o  r a r e  and 
l im i te d  to  z i r c o n  and to u rm a lin e .
The m ost abu n d an t k in d  o f  cem ent i s  s i l i c a ,  w hich may 
form  up to  21% o f  th e  sam ple (T ab le  4 ) .  I t  o c c u rs  m o stly  
a s  q u a r tz  o v e rg ro w th s  w ith  o p t i c a l  c o n t in u i ty  w ith  th e  
d e t r i t a l  h o s t  g r a in  , o r  a s  p o r e - f i l l i n g .  D olom ite cem ent 
i s  m o stly  f e r r o a n  and o c c u rs  a s  p o ik i lo to p ic  cem ent ( F i g .  78 ' 
I t  i s  m ost ab undan t in  th e  u pper p a r t  o f  th e  Sakifatamau 
Member. A n h y d r ite , i r o n  o x id e s ,  and c a l c i t e  cem ents a re  
p r e s e n t  in  t r a c e  am ounts, b u t  th e y  may be abundan t l o c a l l y
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F ig . 71 -  Rounded q u a r tz  o v e rg ro w th . A lso  n o te  th e  e x c e l l e n t  
ro u n d in g  o f  th e  d e t r i t a l  h o s t  g r a in .  Sakwatamau Member 
(5 -35-62-18W 5,10998% '). PL, 600X.
F ig . 72 -  Rounded q u a r tz  o v e r-g ro w th . Note th e  e x c e l l e n t
ro u n d in g  o f  th e  d e t r i t a l  h o s t  g r a in  and th e  c o r r o s io n  
o f  th e  o v e rg ro w th  by th e  a n h y d r i te  cem en t. Deadwood 
F orm ation  (13-17-67-23W 4, 6179%' ) .  PL, 125X.
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F i g .  73 -  P ho tom icrograph  o f  a q u a r tz a re n ite  e x h ib i t in g  
su tu re d  g r a i n  c o n ta c t s  and q u a r tz  o v e rg ro w th s . 
Sakwatamau Member ( 12-36-59-15W 5, 1 0819 ' ) .  PL, 
125X.
F i g .  74 -  SEM pho to  show ing c o n ta c t s  betw een q u a r tz
o v e rg ro w th s . Note th e  s h a rp  c o n ta c t  betw een th e  
overg ro w ths and th e  h o s t  g r a i n s .  Sakwatamau 
Member (5-35-62-18W 5, 1 0 9 0 1 ' ) .  Bar i s  10 vum.
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F ig . 75 -  P h o to m icro g rap h  o f  a p o l y c r y s t a l l i n e  q u a r tz  
g r a i n .  N ote th e  e lo n g a te d  c r y s t a l  u n i t s  and 
u n d u lo se  e x t i n c t i o n .  B a sa l S an d sto n e  U n it  . 
(4-12-15-27W 4, 1 1 7 4 0 ' ) .  PL, 31X.
F ig . 75 -  P h o to m icro g rap h  o f  a p o l y c r y s t a l l i n e  q u a r t z  
g r a i n .  N ote th e  s u tu r e d  c o n ta c ts  be tw een  th e  
c r y s t a l  u n i t s .  B a sa l S a n d s to n e  U n it (1 3 -1 7 -5 7 -  
23W4, 6 3 3 6 ' ) .
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F ig . 77 -  P h o to m icro g rap h  show ing e u h e d ra l  o v e rg ro w th  on 
a f e ld s p a r  g r a i n .  Mount Whyte F o rm ation  (5 -3 5 -5 2 -  
18W5, 1 1 1 4 5 ') .  NL, 300X.
F ig .  78 -  P h o to m icro g rap h  o f  a q u a r t z a r e n i t e  show ing
p o i k i l o to p i c  s a d d le  d o lo m ite  (d a rk  a r e a s ) .  Cement 
behaves a s  one l a r g e  c r y s t a l  w ith  sw eeping  e x t i n c t i o n .  
Mount Whyte F o rm atio n  (4-12-15-27W 4, 1 1 5 8 5 ') .  PL, 31X.
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(Table 4),
M a trix  i s  e r r a t i c  in  d i s t r i b u t i o n  and may form  up  t o  ;
33% o f  th e  t o t a l  ro ck  (T ab le  4 ) .  Thin s e c t io n  and SEM 
o b s e rv a t io n s  i n d ic a te  t h a t  i l l i t e  i s  th e  m ost ab u n d an t c la y  
m in e ra l .  K a o l in i te  and c h l o r i t e  may be p r e s e n t  l o c a l l y .
The m a jo r i ty  o f  th e s e  sa n d s to n e s  ap p e ar  m ass iv e  in  c o re s .  
The few d e te c ta b le  se d im e n ta ry  s t r u c tu r e s  a re  t r o u g h - , lo w -  
a n g le - ,  and h ig h  a n g le  c ro s s - la m in a t io n s ,  f l a s e r ,  wavy, and 
l e n t i c u l a r  la m in a t io n , v e r t i c a l  and U -shaped b u rro w s, and few 
b io tu r b a t io n s .  V e r t i c a l  burrow s were t e n t a t i v e l y  i d e n t i f i e d  
a s  S k o l i th o s , and th e  U -shaped burrow s a s  A r e n ic o l i t e s  (F ig .
79 and 8 0 ) . L am ina tion  i s  e i t h e r  due to  a l t e r n a t i o n  o f  sand  and 
s h a le  lam in a e , o r  a l t e r n a t i o n  o f  f in e  and c o a r s e  q u a r tz  sand  
lam in a e . C onvo lu te  and s o f t - s e d im e n t  d e fo rm a tio n  ( F ig .  81 ) 
a r e  r a r e .  E ro s io n a l  s u r f a c e s  (F ig . 81 ) a re  ab u n d an t in  
p la c e s .
In  th e  B a sa l S an d sto n e  u n i t  ( e .g .  in  4-12-15-27W 4, a t  
11707), th e r e  i s  a la r g e  burrow  13mm wide and 30mm lo n g  w ith  
a rounded  b o ttom . The burrow  i s  d iv id e d  s y m m e tr ic a lly  by a 
th in  b ra n c h in g , c e n t r a l  p assag e  f i l l e d  w ith  san d  w h ile  th e  
rem a in d e r o f  th e  burrow  i s  f i l l e d  w ith  la r g e  c r y s t a l s  o f  
s a d d le  d o lo m ite  (up to  3.7mm in  d ia m e te r )  (F ig .  8 2 ) .
C r y s ta l s  show zo n in g  and f e a t h e r - l i k e  e x t i n c t i o n  and a r e  
s e p a ra te d  by c la y  m in e ra ls  (p ro b a b ly  i l l i t e ) .  T h is  burrow  
b e a rs  a c lo s e  resem b lance  to  th e  R ecen t d o lo m it ic  c o n c re t io n s
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F ig . 79 -  C ore p h o to g ra p h  show ing S k o l i th o s  (? )  bu rro w s
in  a q u a r t z a r e n i t e .  Sakwatamau Member ( 12-36-59-15W 5, 
1 0 8 3 7 ') .
F ig . 80 -  Core p h o to g ra p h  show ing a U -shaped burrow  (arrow ) 
(A r e n ic o l i t e s ? ) in  a q u a r t z a r e n i t e .  Mount Whyte 
F o rm atio n  (5-35-62-18W 5, 1 1 1 3 2 ') .
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F ig . 81 -  Core p h o to g ra p h  o f  a q u a r t z a r e n i t e .  N ote low -
a n g le  c r o s s - la m in a t io n  n e a r  th e  b a se  ( l e f t ) ,  abundance 
o f  e r o s io n a l  s u r f a c e s ,  in c r e a s e  in  th e  number o f  s h a le  
lam in ae  upw ard, and c o n v o lu te  la m in a t io n  n e a r  th e  to p  
( r i g h t ) .  Sakwatamau Member (5 -3 5 -5 3 -1 2W5, 1 0 3 9 1 '-  
1 0 4 0 5 ')
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F ig . 82 -  P ho to m icro g rap h  show ing a s a d d le  d o lo m ite  c r y s t a l  
in  a burrow  ( c o n c re t io n ? )  in  a q u a r t z a r e n i t e  
S ad d le  d o lo m ite  i s  a l s o  p r e s e n t  a s  a p o i k i l o to p i c  
cem ent in  th e  same sam p le . A draw ing  o f  th e  burrow  
( n a tu r a l  s i z e )  i s  sho\m  in  th e  low er f i g u r e .  B a sa l 
S an d sto n e  U n it  (4-12-15-27W 4, 1 1 7 0 7 ') . PL, 31X.
—  150 —
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o f  c ru s ta c e a n  -  burrow  o r i g i n  d e s c r ib e d  by Brown and F arrow  
(1978) from  Loch S u n a r t ,  W est c o a s t  o f  S c o tla n d .
DISCUSSION:
PROVENANCE :
The q u a r t z a r e n i t e  f a c i e s  i s  c h a r a c te r iz e d  by a v e ry  
h ig h , p e rc e n ta g e  o f  q u a r t z ,  good ro u n d in g , a v e ry  l im i te d  
s u i t e  o f  heavy  m in e r a ls ,  co m p le te  ab sen ce  o f  u n s ta b le  ro c k  
fra g m en ts  and v e ry  low f e ld s p a r  c o n c e n t r a t io n s .  T hese 
sands w ere p ro b a b ly  d e r iv e d  from  p r e - e x i s t i n g  s a n d s to n e s  
a lr e a d y  r i c h  in  q u a r t z .  T h is  c o n c lu s io n  i s  a l s o  s u p p o rte d  
by th e  p re s e n c e  o f  rounded  q u a r tz  o v e rg ro w th s .
The B a sa l S a n d s to n e s  u n i t  th ic k e n s  e a s tw a rd s  and san d s  
were p ro b a b ly  d e r iv e d  from  th e  C anad ian  S h ie ld .  The 
Sakwatamau Member s a n d s , on th e  o th e r  hand , a r e  r e s t r i c t e d  
to  th e  n o r th w e s t  c o rn e r  o f  th e  s tu d y  a re a  s o u th  o f  th e  P eace 
R iv e r  A rch . These q u a r t z a r e n i t e s  w ere p ro b a b ly  d e r iv e d  from  
th e  se d im e n ta ry  c o v e r  o f  th e  th e n  s lo w ly  r i s i n g  Peace R iv e r  
A rch (p ro b a b ly  th e  B a sa l S an d sto n e  u n i t  o r  o th e r  P recam b rian  
q u a r t z a r e n i t e ) .  T h is  s o u rc e  seems l i k e l y  b e c au se  th e  
Sakifatam au S an d sto n e s  a r e  g e n e r a l l y  f i n e r  and b e t t e r  s o r t e d  
th a n  th e  B a sa l S a n d s to n e s  (F ig .  5 9 ) .
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DEPOSITIONAL ENVIRONMETJTS:
The s u p e rm a tu r i ty  o f  th e s e  san d s  and t h e i r  good ro u n d in g  
can  a l s o  be a t t r i b u t e d  to  s e d im e n ta ry  p r o c e s s e s .  Kuenen 
(1 9 6 0 ), b ased  on e x p e rim e n ta l a b ra s io n  o f  sand  g r a i n s ,  c o n c lu ­
ded t h a t  e o l i a n  a c t io n  i s  more e f f e c t i v e  in  ro u n d in g  and 
s o r t i n g  th e  sa n d s  th a n  f l u v i a l  t r a n s p o r t  o r  b each  a c t io n ,  and 
t h a t  rounded  san d s  may in d ic a te  s e v e r a l  se d im e n ta ry  c y c le s  
one o f  w hich in c lu d e d  wind a c t io n .  E o lia n  a c t io n  may have 
p la y e d  a p a r t  d u r in g  th e  h i s t o r y  o f  th e  Sak%vatamau san d s  a s  
d is c u s s e d  l a t e r .  However, e o l i a n  a c t io n  may n o t  be th e  o n ly  
e f f e c t i v e  ro u n d in g  a g e n t f o r  th e s e  s a n d s . S uperm atu re  ro u n d in g  
may a l s o  r e s u l t  from  c o n tin u e d  g r a i n  t r a n s p o r t  on i n t e r t i d a l  
and s u b t i d a l  sand  b o d ie s  (K le in , 1977). T h is  ro u n d in g  i s  a ls o  
p a r t l y  i n h e r i t e d  from  th e  so u rc e  ro c k  a s  d is c u s s e d  b e fo r e .
S ed im en ta ry  s t r u c t u r e s  in  th e s e  sa n d s to n e s  a r e  t ro u g h -  
and lo w -a n g le  c r o s s - la m in a t io n ,  w a v y -la m in a tio n  (F ig . 8 3 ) , and 
o c c a s io n a l  s o f t - s e d im e n t  d e fo rm a tio n  (F ig . 8 1 ) . S te e p ly  
i n c l in e d  fo rs îse t lam inae  a r e  u s u a l ly  t r u n c a te d  by e r o s io n a l  o r 
r e a c t i v a t i o n  s u r f a c e s  (F ig . 8 4 ) . The ic h n o f a c ie s  assem b lag e  
c o n s i s t s  o f  v e r t i c a l  burrow s (S k o l i th o s ? ) , U -shaped burrow s 
(A r e n i c o l i t e s ? ) .  S k o l i th o s  and A r e n ic o l i t e s  a r e  d ia g n o s t ic  o f  
v e ry  sh a llo w , h ig h  en erg y  c o a s t a l  en v iro n m en ts  (F rey  and 
P em bertone, 1985; Howard and F re y , 1984; C h am b erla in , 1978; 
C rim es, 1970, and S e i la c h e r ,  1967), f o r  exam ple, fo re s h o re  
and s h o re fa c e  en v iro n m en ts  o f  b e a ch e s  and b a r s .  A lthough  
th e s e  san d s  may have been  d e p o s ite d  in  d i f f e r e n t  e n v iro n m en ts ,
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F ig . 83 -  Core p h o to g ra p h  o f  a q u a r t z a r e n i t e  show ing w avy- 
la m in a t io n . Sakwatamau Member {5-35-62-18W 5, 10884’ )
F ig . 84 -  Core p h o to g ra p h  o f  a q u a r t z a r e n i t e  show ing h ig h -  
a n g le  c r o s s - la m in a t io n  and r e a c t i v a t i o n  s u r f a c e s .  
Mount Whyte F o rm atio n  (5-35-62-18W 5, 1 1 1 5 3 ') .
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th e y  a l l  s h a re  one common c h a r a c t e r i s t i c ,  t h a t  i s  th e y  w ere 
a l l  d e p o s i te d  in  h ig h  e n e rg y , s h a llo w  e n v iro n m en ts .
A) The B a sa l S a n d s to n e  U n i t ;
The d e p o s i t io n a l  en v iro n m en t o f  th e  s a n d s to n e s  in  t h i s  
u n i t  was p ro b a b ly  dom inated  by s u b t i d a l  sand  b a r s .  No f a c i e s  
model h a s  been  p ro p o sed  f o r  th e s e  sand  b o d ie s . However, th e  
h y p o th e t ic a l  f a c i e s  m odel arid seq u en ce  d ev e lo p ed  b y .K le in  
(1977) s e rv e s  a s  a model f o r  th e  i n t e r p r e t a t i o n  o f  th e  e n v iro n ­
ment o f  th e s e  s a n d s . A cco rd in g  t o  K le in  ( i b i d . ,  p . 9 1 ) ,  a 
v e r t i c a l  seq u en ce  w i th in  th e s e  sa n d s  would c o n s i s t  o f  a b a s a l  
s e t  o f  v e ry  t h ic k  c r o s s - s t r a t i f i c a t i o n ,  o v e r l a in  by an  i n t e r v a l  
o f  t h in  c r o s s - s t r a t a  and a to p m o st c la y  d ra p e . The b e s t  
a n a lo g u e  f o r  t h i s  sequence  i s  in  th e  P a rk la n d  4 -1 2  w e l l  (F ig . 
85) w here th ic k  c ro s s - la m in a te d  s a n d s to n e  u n i t s  (up t o  20 f t .  
t h ic k )  a r e  s e p a r a te d  by v e ry  t h i n  i n t e r v a l s  o f  in te r la m in a te d  
s i l t s t o n e s  and s h a le s  w ith  l e n t i c u l a r  and f l a s e r  la m in a t io n s  
and b io tu r b a t i o n .  Each s a n d s to n e  u n i t  shows an  upward in c r e a s e  
in  g r a in  s i z e  (F ig . 8 5 ) .  The mean g r a i n - s i z e  r e l a t i o n s h i p  o f 
v e r t i c a l  seq u en ces  o f  o f f s h o r e  b a r s  and b a r r i e r s  b e a c h e s  
(D av ies e t  , 1971) show a g ra d u a l  upward in c r e a s e  in  g r a i n -  
s i z e .
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CALrORNiA STANDARD PARKLAND 4 - 1 2 - 1 5 - 2 7 W 4
D epth
F e e t
1 1 7 4 0
< 1 7 5 0
1 1 7 6 0
1 1 7 7 0
1 1 7 8 0
1 1 7 9 0
1 1 8 0 0
M z ( ^ )  (T'( ÇT)
1 2  3 .6  .8  1.0 1.2
I — .....   .1  i . i . J
V Y y V
BASAL SANDSTONE UNIT
It.brn.
~u-
“VJ"
eo
It.brn.
It.brn., grn , in p a r t
grn.
It.red.brn.
> ^ c o  - \ j ~  It.yeLbrn.
c la a te  up to  12m m  
c laa ta  up to  6 .6 cm
P €
F ig . 85 -  Core lo g  o f  th e  P a rk la n d  4 -12  w e ll  show ing c r o s s ­
la m in a te d  sa n d s to n e  u n i t s  in  th e  B a sa l S an d sto n e  u n i t .
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B) The Sakwatamau Member;
A number o f  f e a tu r e s  in  th e  Sak\\fatamau Member s u g g e s t  
t h a t  i t  was d e p o s ite d  in  a t id e -d o m in a te d  en v iro n m en t. The 
e v id e n c e  fo r  t i d a l  o r ig in  f o r  t h i s  u n i t  comes from  th e  
abundance o f  f l a s e r  and l e n t i c u l a r  la m in a t io n s ,  b io tu r b a t io n ,  
t ro u g h  c ro s s - la m in a t io n  w ith  v e r t i c a l  and U -shaped b u rro w s, 
and th e  a s s o c ia t io n  o f  th e s e  s a n d s , e s p e c i a l l y  in  th e  u p per 
p a r t  o f  th e  member, w ith  o o l i t i c  g r a in s to n e s ,  c ry p ta lg a la m i-  
n a te s ,  c o q u in a , and m ud-cracks w hich s u g g e s t  d e p o s i t io n  in  
an i n t e r t i d a l  env ironm en t s u b je c te d  to  o c c a s io n a l  s to rm s . 
S a n d s to n e s  i n th  s im i la r  s e d im e n to lo g ic a l  s e t t i n g s  in  th e  
g e o lo g ic a l  r e c o rd , e .g .  th e  E r ib o l l  S an d sto n es  o f  N o rth w est 
S c o tla n d  (Sw ett e t  a l . ,  1971 ), have been  in te r p r e te d  a s  
sh a llo w  s u b t id a l  t o  i n t e r t i d a l  d e p o s i t s .
The o v e r a l l  env ironm en t o f  th e  Sakwatamau Member was 
p ro b a b ly  a t i d e -  and w ave-dom inated  d e l t a  s im i la r  ( a l th o u g h  on 
a much s m a lle r  s c a le )  t o  th e  p r e s e n t -d a y  N iger D e lta  ( A l le n ,1970; 
Oomlcen, 1974) (F ig . 8 6 ) The e v id e n c e  f o r  a d e l t a i c  env ironm en t i s  
s u p p o rte d  by th e  lo b a te  sh ap e  o f  th e  sand body and th e  d i s t r i ­
b u t io n  o f  th e  n e t  sand th ic k n e s s  (F ig . 8 7 ) ,  and th e  t r a n s i t i o n  
from  s u b t id a l  q u a r t z a r e n i t e s  in  th e  n o r th w e s t to  in te r la m in a te d  
g l a u c o n i t i c  sand and s h a le  e a s tw a rd , w hich may r e p r e s e n t  p ro ­
d e l t a  d e p o s i t s ,  and g rad e  f u r t h e r  e a s tw a rd  i n to  s h e l f  mud ( F ig .88)
An a l t e r n a t i v e  model w hich may be a p p l ic a b le  t o  th e  
Sakwatamau Member q u a r t z a r e n i t e s  i s  th e  d e p o s i t io n a l  model 
p ro p o sed  by Shinn (1973) f o r  q u a r tz  san d s a t  Uram S a id , SE C oast
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F ig . 87 -  N et sand  iso p a c h  map o f  th e  Sakwatamau Member.
N ote th e  th ic k e n in g  o f  th e  sand  body to  th e  n o r th w e s t  
and i t s  lo b a te  form .
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BEACH RIDGE IN TERTID AL OPEN-MARINE
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F ig . 88 -  P r in c ip a l  se d im e n ta ry  en v iro n m en ts  and f a c i e s  o f  
th e  Saki/atam au Member ( lo c a t io n  o f  c r o s s - s e c t io n  i s  shovm in  
F ig . 2 ) .
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o f  Q a ta r  P e n in s u la /  P e r s ia n  G u lf .  In  t h a t  a r e a ,  q u a r tz  dunes 
move u n d e r th e  in f lu e n c e  o f  I'M "Sham al" w inds a c ro s s  d e f l a t e d  
Eocene s u r f a c e  and s p i l l  i n to  th e  s e a .  Most o f  th e  san d  f i r s t  
a c cu m u la te s  on th e  b e ach  and f o re s h o re  where i t  i s  f u r t h e r  
rew orked  by ifaves and t i d a l  c u r r e n t s  and d i s t r i b u t e d  down a 
s te e p  a c c r e t io n  s lo p e  f u r t h e r  se aw a rd s . The Satoratam au Member 
shows an  o v e r a l l  f in in g -u p w a rd  in  g r a in  s i z e  ( F ig .  89) 
accom panied by an  im provem ent o f  s o r t i n g  and a change from  
c l a s t i c  t o  c a rb o n a te  f a c i e s .  T hese v e r t i c a l  -changes' 
in  th e  seq u en ce  may be r e l a t e d  t o  th e  d e p le t io n  o f  th e  c l a s t i c  
s o u rc e .
C) The Mount VVhyte F o rm atio n ;
Q u a r tz a r e n i te s  in  th e  Mount Whyte F o rm atio n  a r e  e n c lo s e d  
in  se d im e n ts  composed o f  g l a u c o n i t i c  s a n d s to n e s  (F a c ie s  6 ) .
In  p la c e s ,  beds show s te e p ly  in c l in e d  f o r e s e t  lam in ae  capped  
by a lm o s t h o r i z o n ta l  lam in ae  o r  a t h in  burrow ed bed (F ig .  8 4 ) . 
Sands in  th e  Mount Whyte F o rm a tio n  have a w ide ran g e  o f  g r a in  
s i z e  and s o r t i n g .  T hese v a r i a t i o n s  in  g r a in  s i z e  p a ra m e te rs  
may be a t t r i b u t e d  to  m ix ing  of. san d s  from  d i f f e r e n t  s o u rc e s  o r  
th e  in p u t  o f  se d im e n ts  i n to  th e  sy stem  by d i f f e r e n t  t r a n s p o r t i n g  
a g e n ts ,  e .g .  s to rm s , vraves, and c u r r e n t s .  T h is  o b s e rv a t io n  i s  
su p p o rte d  by th e  c lo s e  a s s o c i a t i o n  o f  b o th  g lau c o n y  and q u a r t z ­
a r e n i t e  f a c i e s  in  th e  Mount Whyte F o rm a tio n . T hese b ed s  a r e  
i n t e r p r e t e d  a s  c u t - a n d - f i l l  o f  c h a n n e ls  t h a t  c u t  in  th e  o f f ­
sh o re  se d im e n ts  d u r in g  h ig h  e n e rg y  e v e n ts ,  e .g .  s to rm s .
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tt.brn.gy.
gy.
tt .brn.gy.
^  tt .brn.gy., yel.wt.
grn., red ,  purpte ,  m o t t ted  
red  sh.
tt.grn., purpte, m ot t led  
re d
red
yelwt., purple, tt.grn. 
red
grn.,red
STEPHEN FM.
red , mica, 
grn.
F ig . 89 -  Core lo g  o f  th e  Kaybob 5-35  w e ll  show ing f i n i n g -
upward in  g r a in  s i z e  accom panied by upward im provem ent 
in  s o r t i n g .  The u n i t  becom es o o l i t i c  and d o lo m it ic  
n e a r  th e  to p .
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HYBRID-ARENITE OR IRON FORMATION FACIES (FACIES 8 ) :
T h is  f a c i e s  o c c u rs  a s  t h i n  beds up to  1 .5  f t  in  t h i c k ­
n e s s  in  th e  Mount Whyte F o rm a tio n . I t  i s  c lo s e ly  a s s o c ia te d  
w ith  th e  g lau co n y  f a c i e s  (F a c ie s  6 ) .  In  c o re s  i t  a p p e a rs  a s  
m a ss iv e , b r ic k - r e d  o r  r e d d is h  g ra y  in  c o lo u r .
M ic ro sco p ic  e x a m in a tio n  shows t h a t  th e s e  ro c k s  a r e  
composed o f  a m ix tu re  o f  o o id s ,  p i s o i d s ,  ech inoderm  fra g m e n ts  
and s p ic u l e s  w ith  s y n ta x ia l  c a l c i t e  r im s , p h o s p h a tic  and 
g l a u c o n i t i c  sa n d s to n e  f ra g m e n ts , and h e m a tite  g r a in s  and cem en t. 
C o n c e n tr ic  o o l i t i c  m ic r o s t r u c tu r e s  a s  w e ll a s  p e r f o r a t i o n s  in  
th e  ech inoderm  fra g m en ts  a r e  p re s e rv e d  by su b m ic ro sc o p ic  
c r y s t a l l i t e s  o f  h e m a t i te .  A few f e r ru g in o u s  p i s o id s  hav e  n u c le i  
o f  g l a u c o n i t i c  o o id s  form ed around  a n u c le u s  o f  q u a r tz  (F ig . 90 ) , 
th e  o u te r  c o r te x  i s  composed o f  c o n c e n t r ic  s h e a th s  o f  d o lo m ite . 
The c r y s t a l s  w i th in  th e s e  s h e a th s  have  a r a d i a l  o r i e n t a t i o n .
The d i f f e r e n t  o o l i t i c  l a y e r s  a r e  s e p a ra te d  by a t h i n  f i lm  o f  
h e m a t i te .  T here  a r e  a ls o  a few b ro k en  o o id s  w ith  c o n c e n t r ic  
m ic r o s t r u c tu r e  t r a n s e c te d  by a f in e  r a d i a l  f a b r i c  (F ig . 91 ) .
Some o o id s  have a l t e r n a t i n g  l a y e r s  o f  g la u c o n i te  and p h o sp h a te  
(F ig . 9 2 ) .  Cements in  th e s e  a r e n i t e s  a re  m ain ly  d o lo m ite  and 
h e m a t i te .  In  p la c e s ,  h e m a t i te  r e p la c e s  th e  o th e r  g r a i n s .  
S y n ta x ia l  c a l c i t e  c e m e n t,r im s  around  echinoderm  fra g m e n ts  and 
f ib r o u s  d o lo m ite  cem ent a round  b ra c h io p o d  fra g m en ts  (F ig . 9 3 )  
a r#  v e ry  common.
T h is  f a c i e s  can  be d e s c r ib e d  a s  h y b r id - a r e n i t e  (Z u ffa , 
1980), b u t  s in c e  th e s e  ro c k s  a r e  b e l ie v e d  to  c o n ta in  15% o r  
more i r o n  th e y  can  be term ed  i ro n - fo r m a t io n s  ( G r o s s ,1 9 6 5 ).
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F ig . 90 -  P h o tom icro g raph  show ing a f e r r u g in o u s - c a lc a r e o u s -  
g l a u c o n i t i c  o o id . Mount Whyte F orm ation  (4-12-15-27W 4, 
1 1 6 1 5 ') .  P L ., 125X.
F ig . 91 -  P h o tom icro g raph  o f  a b ro k en  o o id  in  an i r o n -  • 
fo rm a tio n . D ark a r e a s  a r e  h e m a t i te .  F ib ro u s  r im s 
a r e  f e r r o a n  d o lo m ite . Same sam ple a s  abo v e . P L ., 
125X.
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F ig . 92A -  P ho to m icro g rap h  o f  an i ro n - fo rm a t io n  composed o f  
f e r r u g in o u s - p h o s p h a t ic  o o id s ,  h e m a t i t ic  o o id s  and 
cem ent, q u a r tz  g r a i n s ,  and p h o s p h a tic  f o s s i l  f r a g ­
m en ts . Mount Whyte F o rm atio n  (6-36-19-1W 4, 2578.1m ). 
PL, 31X.
F ig . 92B -  The same p h o to  a s  above . R e f le c te d  l i g h t ,
31X. N ote th e  o o l i t i c  s t r u c t u r e  o f  th e  f e r r u g in o u s  
o o id s .
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F ig . 93 -  P h o tom icro g raph  o f  an i ro n - fo rm a t io n  show ing 
ech inoderm  fra g m en ts  w i th  s y n ta x ia l  rim  (d o lo m ite ) .  
The p o re s  in  th e  ech inoderm  frag m en t a r e  f i l l e d  
w ith  h e m a t i te .  Mount Whyte F orm ation  ( 1-34-57-22W 4, 
7 0 3 0 ') .  78X.
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To d e v e lo p  a f a c i e s  m odel f o r  i r o n - fo r m a t io n s ,  th e y  
m ust be view ed in  te rm s o f  two m odels (D im roth , 1979);
1) a model o f p h y s ic a l  s e d im e n ta tio n  r e l a t i n g  th e  s e d im e n ta ry  
s t r u c t u r e s  and t e x t u r e s  o f  th e  ro c k  to  hydrodynam ic p r o c e s s e s  
d u r in g  d e p o s i t io n ,  and 2) a ch e m ica l model t h a t  r e l a t e s  th e  
p r e s e n t  m in e ra lo g y  o f  th e  ro c k  to  d ia g e n e t i c  p r o c e s s e s .
The fram ew ork g r a in s  in  th e s e  ro c k s  r e f l e c t  d e p o s i t io n  
in  v a r ie d  e n v iro n m en ta l s e t t i n g s ;  g la u c o n i te  may i n d ic a te  
d e p o s i t io n  in  an open m arin e  en v iro n m en t w ith  low sed im en t 
ac cu m u la tio n  r a t e  w hich p r e v a i le d  d u r in g  th e  d e p o s i t io n  o f  
th e  g l a u c o n i t i c  s a n d s to n e  f a c i e s .  Broken o o id s  a r e  th e  r e s u l t  
o f  m ech an ica l b re a k in g  by a g i t a t e d  w a te rs  ( F lu g e l ,  1962).
T h is  a s s o c i a t i o n  o f  low and h ig h  en e rg y  se d im e n ts  s u g g e s ts  
d e p o s i t io n  a f f e c te d  by s to rm s .
P h o s p h a tic  ro c k -  and f o s s i l  fra g m en ts  and p h o s p h a tic -  
f e r ru g in o u s  o o id s  may r e p r e s e n t  o r i g i n a l l y  c a lc iu m  c a rb o n a te  
ro c k s  t h a t  were r e p la c e d  by c a lc iu m  p h o sp h a te  in  a  s h e l f  
en v iro n m en t. T hese f ra g m e n ts  w ere p ro b a b ly  b ro ck en  up and 
b ro u g h t i n to  th e  b a s in  w here g la u c o n i te  was fo rm ing  d u r in g  a 
r e g r e s s io n .  The a s s o c i a t i o n  o f  g l a u c o n i t i c  and p h o s p h a tic  
ro c k s  found on th e  o u t e r s h e l f  o f f  Cape Town, S ou th  A f r ic a ,  
was a t t r i b u t e d  to  s im i la r  p ro c e s s e s  by B irch  (1 9 7 9 ).
G la u c o n i t ic - c a lc a r e o u s - f e r r u g in o u s  o o id s  and p i s o id s  
(F ig . 9 0 ) r e f l e c t  a  com plex d e p o s i t io n a l  and d i a g e n e t i c  
h i s t o r y .  S im ila r  g r a in s  in  o th e r  i ro n  fo rm a tio n s  have  been 
a t t r i b u t e d  to  s h u f f l in g  betw een  d i f f e r e n t  lo c a l  e n v iro n m en ts  
(Dunham, 1 9 6 0 ,c i t e d  by van  H outen and P u ru c k e r , 1984 ), to
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a l t e r n a t i n g  w et and d ry  s e a s o n s  (van  H outen and P u ru c k n e r ,
1984), o r  t o  m ec h a n ic a l a c c r e t i o n  o f  k a o l i n i t e  a round  a 
n u c le u s  in  a g i t a t e d  w a te rs  w ith  su b se q u e n t fo rm a tio n  o f  
ch a m o site  ( g la u c o n i te )  from  k a o l i n i t e  d u r in g  e a r l y  d ia g e n e ­
s i s  in  an i r o n - r i c h  en v iro n m en t (B h a tta c h a ry y a  and K akim oto, 
1982). K im berely  (1979) ( s e e  a l s o  D im ro th , 1979) s u g g e s te d  
t h a t  i r o n  fo rm a tio n s  o r ig in a te d  a s  beds o f  c a lc a re o u s  o o l i t e s  
w hich w ere co v e red  by mud r i c h  in  o rg a n ic  m a t te r .  I ro n  
le a c h e d  from  th e  mud by p o re  w a te r  r e s u l t e d  in  f e r r u g i n i z a -  
t i o n  o f  th e  c a lc a re o u s  s e d im e n ts . The d ia g e n e t i c  m odel o f  
i ro n  fo rm a tio n s  w i l l  be d is c u s s e d  in  more d e t a i l  u n d e r c a rb o n a te  
d ia g e n e s is  (se e  p . 2 7 4 ).
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COQUINA FACIES (FACIES 9 ) :
T h is  f a c i e s  i s  composed o f  b i o c l a s t i c  g r a in s to n e  o r  
s h e l l  h asli. A lthough  fra g m e n ts  a r e  d i f f i c u l t  t o  i d e n t i f y  b e c au se  
o f  t h e i r  a b ra id e d  and b ro k en  n a tu r e ,  o r  th e  h ig h  c o n c e n t r a t io n  o f 
f ra g m e n ts , th e y  seem to  be composed o f  one k in d  o f  f o s s i l  
fra g m en ts  w i th in  any one b ed . The m a jo r i ty  o f  th e s e  f ra g m e n ts  
a r e  p ro b a b ly  t r i l o b i t e s  (F ig s .  94 and 9 5 ) .  Beds o f  t h i s  
f a c i e s  a r e  u s u a l ly  t h i n  ( ^ 0 . 5  f t ) .  The f a c i e s  a l s o  o c c u rs  
a s  m a tr ix  betw een  c l a s t s  in  f l a t - p e b b l e  c o n g lo m e ra te s  (F ig . 9 6 ) .  
G la u c o n ite , m ica , and q u a r tz  s i l t  g r a in s  a r e  ab u n d an t in  p la c e s  
(F ig . 9 7 ) . G la u c o n ite  ( u p . to  10% o f  th e  sam ple) i s  u s u a l ly  
ro u n d ed , l i g h t  t o  deep  g r a s s  g re e n , and shows s h r in k a g e  c ra c k s  
o f te n  f i l l e d  w ith  d o lo m ite  (F ig .  9 8 ) .  In  p l a c e s ,  g la u c o n i te  
g r a in s  a r e  c o a te d  w ith  a t h i n  brown m icaceous m a t e r i a l ,  and a 
few g r a in s  have a t h i n  r im  (9 jam) o f  c o n c e n t r ic  o r  r a d i a l  s t r u c ­
tu r e s  o r  b o th . G la u c o n ite  g r a in s  a r e  a l s o  c o n c e n tra te d  on b o th  
s id e s  o f  s t y l o l i t e  s u r f a c e s  (F ig . 9 9 ) .
In  p la c e s ,  t h i s  f a c i e s  i s  p e rv a s iv e ly  d o lo m itiz e d  (F ig s .
94 and 9 9 ) . .
S im i la r  f a c i e s  a r e  known from  en v iro n m en ts  o f  c o n s ta n t  
wave o r  c u r r e n t  a c t i o n  w ith  mud removed by winnowing (W ilson , 
1975). T h is  f a c i e s  i s  c lo s e ly  a s s o c ia te d  w ith  m o tt le d  d o lo m it ic  
w ack es to n es  (F a c ie s  1 ) ,  o r  th e  g lau c o n y  f a c i e s  (F a c ie s  6 ) ;  
how ever, i t s  e r r a t i c  d i s t r i b u t i o n  and mode o f  o c c u r r e n c e ,  e . g . ,  
t h in  b e d s , i t s  a s s o c i a t i o n  w ith  e r o s io n a l  s u r f a c e s  c o a te d  w ith  
a lg a l  m a te r i a l  (F ig . 9 6 ) ,  and i t s  o c c u rre n c e  a s  m a tr ix  in  f l a t -  
p e b b le  c o n g lo m e ra te s  s u g g e s t  t h a t  t h i s  f a c i e s  was d e p o s i te d
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F ig . 94 -  P ho to m icro g rap h  o f  a c o q u in o id a l  l im e s to n e  
( s h e l l  h a s h ) /  g l a u c o n i t i c ,  and d o lo m itiz e d . 
Sakwatamau Member (5-29-62-1W 5, 7 2 5 4 ^ ') .  PL, 
31X.
F ig . 95 -  P h o tom icro g raph  o f  a c o q u in a . Deadwood F o rm atio n  
(2-15-56-22W 4, 5 5 3 5 '^ ') . PL, 78X,
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F ig . 96 -  P h o to m icro g rap h  o f  a c o q u in a  { s h e l l  h a sh )  m a tr ix  
in  f l a t - p e b b le  c o n g lo m e ra te s . E’ik a  F o rm atio n  (4 -12- 
15-27W4, 1 0 6 2 7 ') .  m ,  31X.
F ig . 97 -  P h o tom icro g raph  o f  a c o q u in a . F ragm ents a r e  d i f f i c u l t  
to  i d e n t i f y ;  how ever, a few t r i l o b i t e  f ra g m e n ts  can  be 
re c o g n iz e d  (a r ro w ) . N ote th e  abundance o f  sand  and s i l t  
f ra g m e n ts . Sakwatamau Member (5 -29-62-IW 5, 7 2 4 8 ') .  PL, 
78X.
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F ig . 98 -  P h o tm ic ro g rap h  o f  a  g la u c o n i te  g r a in  in  a  d o lo m itiz e d  
c o q u in a . N ote th e  re p la c e m e n t o f  th e  g r a in  by d o lo m ite , 
and th e  t h i n  g l a u c o n i t i c  rim  w ith  r a d i a l  and c o n c e n t r ic  
m ic r o s t r u c tu r e s .  Salw atam au Member (5-29-52-1W 5, 7254%') 
NL, 125X.
F ig . 99 -  P h o tom icro g raph  o f  a d o lo m itiz e d  g l a u c o n i t i c
c o q u in a . N ote th e  c o n c e n t r a t io n  o f  g la u c o n i te  g r a in s  
a lo n g  th e  s t y l o l i t e  s u r f a c e  (a r ro w ) . Same sam ple a s  above, 
PL, 31X.
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d u r in g  s to rm s . B arw is (1978) in  a s tu d y  o f  i n t e r t i d a l  p o in t  
b a r s  in  S ou th  C a ro lin a  o b se rv e d  t h a t  much o f  th e  s h e l l  f ra g m e n ts  
on p o in t  b a r s  and in  c h a n n e ls  was d e r iv e d  from  open m arin e  fau n a  
t h a t  w ere moved s e v e r a l  k i lo m e te r s  landw ard . T h is  f a c i e s  i s  
a l s o  ab undan t in  b each  r id g e s  accu m u la ted  in  h ig h -e n e rg y  i n t e r ­
t i d a l  b e a ch e s  a t  C rane Key, F lo r id a  (Friedm an and S a n d e rs , 1978). 
I t  may a l s o  form  c h a n n e ls  and s h e e t - l i k e  la g s  in  re s p o n s e  to  
s to rm  g e n e ra te d  c u r r e n t s  (B ren n e r and D a v ie s , 1973). B ecause o f  
th e  n a tu r e  o f  t h i s  s tu d y , i t  w ould be im p o ss ib le  t o  d e te rm in e  
th e  a r e a l  e x te n t  o f  th e s e  d e p o s i t s .  However, B ren n e r and D av ies 
( i b i d .)  co n c lu d ed  t h a t  i n d iv id u a l  bed s o f c o q u in o id  s a n d s to n e s  
in  th e  J u r a s s i c  ro c k s  of.W oyraing and Montana c a n n o t be c o r r e la t e d  
o v e r l a r g e  a re a s ., .and t h i s  i s  a ls o .e x p e c te d  to  b e  th e  c a s e  in  
t h i s  s tu d y .
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DIAGENESIS
A la r g e  number o f  d ia g e n e t i c  f e a tu r e s  and p ro d u c ts  
h a s  been  o b se rv e d  in  th e  c l a s t i c  and c a rb o n a te  f a c i e s  in  
t h i s  s tu d y  (T ab le  7 ) .  D ia g e n e s is  o f  th e  d i f f e r e n t  f a c i e s  
w i l l  be d is c u s s e d  u n d er one o f  th e  fo llo w in g  h e a d in g s ;
A) C l a s t i c  d i a g e n e s i s .
B) C arb o n a te  d ia g e n e s is .
Both c a rb o n a te s  and e l a s t i c s  in  t h i s  s tu d y  w ere 
d e p o s ite d  in  sh a llo w  e p e i r i c  s e a  s e t t i n g s , ■and th e y  w ere 
p ro b a b ly  s u b je c te d  to  th e  same d ia g e n e t ic  and b u r i a l  
h i s t o r i e s .  T h e re fo re ,  an a tte m p t w i l l  be made to  c o n c e iv e  
a d ia g e n e t ic  m odel t h a t  would be a p p l ic a b le  to  b o th  e l a s t i c s  
and c a rb o n a te s  o f  th e  s tu d y  a r e a .
A. CLASTIC DIAGENESIS:
The m ost a b u n d an t d ia g e n e t i c  p ro d u c ts  in  th e  Cam brian 
s a n d s to n e s  in  th e  s u b s u r f a c e  o f  A lb e r ta  a re  q u a r tz  o v erg ro w th s  
and s i l i c a  cem ent, i l l i t e ,  k a o l i n i t e ,  c h l o r i t e ,  c a l c i t e ,  
f e r r o a n  d o lo m ite , s a d d le  d o lo m ite , and a n h y d r i te .  A p a rt from  
g la u c o n i te ,  no m ajo r d i f f e r e n c e s  have been  d e te c te d  betw een 
th e  d ia g e n e t ic  a ssem b lag es  in  th e  q u a r t z a r e n i t e  and g lau co n y  
f a c i e s .
DESCRIPTION OF DIAGENETIC FEATURES:
QUARTZ OVERGROWTHS:
A u th ig e n ic  s i l i c a  o c c u rs  a s  q u a r tz  o v e rg ro w th s  in  o p t i c a l  
c o n t in u i ty  w ith  th e  h o s t  d e t r i t a l  g r a in s  (F ig . 70 ) ,  o r  a s  
cem ent n o t in  o p t i c a l  c o n t i n u i t y  w ith  any o f  th e  d e t r i t a l
— 191—
T ab le  7 •- D ia g e n e t ic  P ro d u c ts  in  th e  Cam brian 
Rocks S tu d ie d .
e l a s t i c s C a rb o n a te s
-  C lay  m in e ra ls ;
I l l i t e
K a o l in i te
C h lo r i te
G la u c o n ite
-  Au th ig e n ic  q u a r tz  : 
Q u artz  o v e rg ro w th s  
S i l i c a  cem ent
-  A u th ig e n ic  f e ld s p a r s
-  O ther cem ents ;
D olom ite 
C a lc i t e  
A n h y d rite  
I ro n  o x id e s
-  D o lo m itized  C o n c re tio n s
C a lc i t e  cem en ts 
D o lo m it iz a tio n  
M o tt l in g s
G la u c o n i t ic  d o lo m ite s  
L each ing
C h e rt & a u th ig e n ic  q u a r tz
S t y l o l i t i z a t i o n
Iro n  F o rm a tio n s
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g r a in s  t h a t  su rro u n d  i t  (F ig . 70) and la c k s  any c r y s t a l l i n e  
form  ( F ig .1 0 0 ). Q u a rtz  o v e rg ro w th s , on th e  o th e r  han d , a re  
p r e s e n t  a s  e u h e d ra l  q u a r tz  c r y s t a l s  ( F i g .1 0 4 ).
As was n o te d  by P ittm a n  (1 9 7 2 ), th e  c o n ta c t  be tw een  o v e r ­
g row ths and th e  h o s t  g r a in s  i s  o f te n  a v o id  w hich  form  th e  
" d u s t - l i n e "  v i s i b l e  in  t h in  s e c t io n s  (Figs.74 and 1 0 2 ) . in  
p la c e s ,  how ever, t h i s  v o id  i s  f i l l e d  w ith  i l l i t e  ( F i g .103) 
o r  h e m a tite  ( F ig .1 0 4 ) . In  r a r e  c a s e s ,  o v e rg ro w th  i s  p r e s e n t  
in  th e  form  o f  rhom bohedra w ith  s t r i a t i o n s  p e rp e n d ic u la r  to  
th e  d i r e c t i o n  o f  g ro w th  (F ig . 1 0 5 ). Q u a rtz  o v e rg ro w th  
r e p la c e s  a n h y d r i te  cem ent ( F i g .1 0 6 ), and in  a few places, replaces 
and encom passes f e ld s p a r  g r a in s  w ith  t h e i r  o v e rg ro w th s .
A u th ig e n ic  s i l i c a  a l s o  r e p la c e s  c la y  m in e r a ls .  In  one sam ple 
th e  i l l i t e  r e p la c e d  by a u th ig e n ic  s i l i c a  i s  v i s i b l e  a s  "g h o sts"  
o f  a c c o rd io n  sh ap es  s im i la r  t o  th o s e  d is p la y e d  by th e  
a u th ig e n ic  i l l i t e .  A u th ig e n ic  q u a r tz  o v e rg ro w th  i s  in  tu rn  
re p la c e d  and co rro d e d  by c la y  m in e ra ls  and c a rb o n a te  cem ents 
(F ig s .  107 and 108).
AUTHIGENIC FELDSPARS*.
A u th ig e n ic  K - fe ld s p a rs  o c c u r a s  o v e rg ro w th s  around d e t r i ­
t a l  c o re s  o f  % -fe ld sp a rs  (F ig s .  109 and 1 1 0 ), o r  in  r a r e  c a s e s ,  
a round  g la u c o n i te  g r a in s  ( F i g . I l l  ) .  O vergrow ths a r e  l im p id , 
e u h e d ra l  and rhom bic in  sh a p e , and show no tw in n in g . O c c a s io n a l­
ly  two g e n e ra t io n s  o f  o v erg ro w th s  w ith  s a w - to o th  te rm in a t io n s  
can  be se en  (F ig . 112 ).
A number o f  m ic ro p ro b e  a n a ly s e s  h a s  been  c a r r i e d  o u t on
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F ig . 100 -  SEM p h o to g ra p h  show ing s i l i c a  cem ent ( c e n t r e )  
betw een q u a r tz  g r a in s  and o v erg ro w th s  ( r i g h t )  
N ote th e  la c k  o f  c r y s t a l  f a c e s  in  th e  cem ent a s  
opposed to  th e  o v e rg ro w th s . Sakw^atamau Member 
(5-35-62-18W 5, 1 0 8 9 3 ') .  B ar i s  100 jum.
F ig , 101 -  SliM p h o to g ra p h  show ing q u a r tz  o v e rg ro w th s .
Zoning and s t r i a t i o n s  on c r y s t a l  f a c e s  may r e p r e ­
s e n t  s u c c e s s iv e  g row th  s t a g e s .  B asa l S an d sto n e  
U n it (4-12-15-27W 4, 1 1 7 4 4 ') .  Bar i s  100 jum.
-  194
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F ig , 102 -  SEM p h o to g ra p h  show ing q u a r tz  o v e rg ro w th s .
N ote th e  v o id  sp ace  ( d u s t - l i n e )  betw een th e  d e t r i t a l  
g r a in  and o v e rg ro w th . Sakwatamau Member (5 -3 5 -6 2 -  
18W5, 1 0 8 9 3 ') .  Bar i s  10 nm.
F ig . 103 -  SEM p h o to g ra p h  o f  a p r i s m a t ic  q u a r tz  o v e rg ro w th . 
Q u a rtz  o v erg ro w th  a p p a re n t ly  grew  on a u th ig e n ic  
i l l i t e  c o a t in g .  Sak\fatam au Member ( 1-34-57-22W 4, 
6 8 7 4 ') .  Bar i s  10 aim.
-  195 -
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F ig . 104 -  P ho to m icro g rap h  o f  a q u a r tz  a r e n i t e  cem ented
w ith  h e m a t i te .  N ote t h a t  h e m a t i te  a l s o  f i l l e d  th e  
sp a ce  ( d u s t - l i n e )  be tw een  th e  g r a in s  and q u a r tz  
o v e rg ro w th s . Sakwatamau Member ( 12-36-59-15W 5, 
1 0 7 0 0 ') .  NL, 125X.
F ig . 105 -  SEM p h o to g ra p h  show ing q u a r tz  o v e rg ro w th s .
s t r i a t i o n s  on c r y s t a l  f a c e s  may r e p r e s e n t  s u c c e s ­
s iv e  g row th  s t a g e s .  Sato-fataraau Member (5 -3 5 -5 2 -  
18W5, 11027% '). B ar i s  10 jum.
- 198 -
199 -
F ig . 106 -  P ho to m icro g rap h  show ing q u a r tz  o v e rg ro w th s
and a n h y d r i te  cem en t. N ote t h a t  a n h y d r i te  i s  e n c lo s e d  
in  q u a r tz  o v e rg ro w th s  and s i l i c a  cem ent ( a r ro w s ) .
B a sa l S an d sto n e  U n it  (4-12-15-27W 4, 1 1 7 0 7 ') .  PL,
200X.
o
F ig . 107 -  P h o tm ic ro g rap h  o f  a q u a r tz  a r e n i t e .  N ote t h a t
d o lo m ite  cem ent c o r ro d e s  q u a r tz  g r a in s  and o v e rg ro w th s  
in  p la c e s  ( a r ro w ) . Same sam ple a s . above.-. PL, 125X.
- 200 -
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F ig . 108 -  P h o tom icro g raph  show ing q u a r tz  o v e rg ro w th s  c o rro d e d
by c la y  m in e ra ls  ( a r ro w ) . Salw atam au Member (5-35-62-18W 5, 
10998% '). PL, 500X.
- 202 -
4s ' ' %
- 203 -
F ig . 109 -  SEM p h o to g rap h  show ing a u th ig e n ic  ^ - f e ld s p a r s  
on a K - f e ld s p a r  g r a in  in  a g l a u c o n i t i c  s a n d s to n e . 
Satoratamau Member ( 1-34-57-22M 4, 7 0 3 0 ') .  B ar i s  
10 Aim.
F ig . 110 -  P ho tom icrograph  show ing ab undan t K -fe ld s p a r  
o v e rg ro w th . Mount Whyte F o rm atio n  (5-35-62-18W, 
1 1 2 1 0 ') . IJL, 300X.
-  204  -
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F ig , 111 -  SEM p h o to g ra p h  o f  rhom bic K -fe ld s p a r  o v e rg ro w th s  
on a g la u c o n i te  g r a i n  ( c e n t r e ) .  Sak\mtamau Member 
(5-35-62-18W 5, 1 0 9 0 1 ') .  Bar i s  lOujm.
F ig .  112 -  P ho tom icrog raph  o f  a m ic ro c l in e  g r a in  show ing 
two g e n e ra t io n s  o f  o v e rg ro w th s  w ith  sa w -to o th  
t e r m in a t io n s .  Mount Whyte Form ation  (1 -3 4 -5 7 -2 2  
W4, 7 0 6 6 ') .  PL, 300X.
-  205  -
207 -
a few overg ro w th s and d e t r i t a l  c o r e s .  The a n a ly s e s  (T ab le  5 , p . 132) 
show t h a t  th e  o v erg ro w th s a re  p u re  end member K - fe ld s p a rs .
The t h e o r e t i c a l  c o m p o s itio n  o f  th e  end member K -fe ld s p a r  
i s  SiÛ2 = 54.75%, A I2O2 = 18.32%, and K2 O = 15.93%, A nalyses 
o f  th e  c o re s  show them to  be com parab le  w ith  th o s e  o f  th e  
a u th ig e n ic  o v e rg ro w th s , e x c e p t f o r  low c o n c e n t r a t io n s  o f  Na2 Û 
(0 .2 6  -  0.49%) and v a r i a b le  t r a c e  am ounts o f  FeO and BaO.
CLAY MINERALS:
I l l i t e  i s  th e  m ost abundan t c la y  m in e ra l  in  th e  sam ples 
s tu d ie d .  K a o l in i te  and c h l o r i t e  a re  a l s o  p r e s e n t  in  few 
sa m p le s , b u t  in  m inor am ounts. Because o f  t h e i r  d e l i c a t e  n a tu r e  
and c r y s t a l l i n e  fo rm s, a l l  th e  c la y  m in e ra ls  d e s c r ib e d  h e r e in  
a r e  c o n s id e re d  a u th ig e n ic .  D e t r i t a l  i l l i t e  was o b se rv e d , 
how ever, in  v e ry  few p la c e s  (F ig . 113A and B ).
ILLITES:
m i t e s  a re  p r e s e n t  a s  g r a in  c o a t in g s  and p o r e - f i l l i n g ,  
and d i s p la y  a v a r i e ty  o f  form s w hich in c lu d e  la th - s h a p e d  grow ths* 
on th e  p o re  w a lls  (F ig .1 1 4 ) ,  l e a f - l i k e  sh a p es  w ith  o r  w ith o u t 
la th - s h a p e d  te rm in a t io n s  ( F ig s .115 and 115), honey-com b s t r u c t u r e  
( F i g . 1 1 7 ) ,cabbage-head  s t r u c t u r e  ( F ig .1 1 8 ) ,  and f o l i a t e d  
s t r u c t u r e  form ed o f  s ta c k s  o f  l a y e r s  (F ig .1 1 9 ) .  A u th ig e n ic  
q u a r tz  h as  grown around  i l l i t e  l a t h s  ( F ig .120) in  p la c e s .  The 
r e p la c e d  i l l i t e s  o c c a s io n a l ly  ap p ear a s  " g h o s ts "  o f  b o o k le ts  
o r  fa n -s h a p e s  w ith in  th e  a u th ig e n ic  q u a r tz .  I l l i t e s
Commonly r e f e r r e d  to  a s  " h a iry "  i l l i t e .
208 -
F ig . 113A -  SliM p h o to g ra p h  show ing d e t r i t a l  i l l i t e  in  a 
q u a r t z a r e n i t e .  N ote th e  la c k  o f  a c r y s t a l l i n e  
form . Salc/atam au Member ( 19-29-55-17W 5, 1 2 9 3 5 ')  
B ar i s  100 -um.
F ig . 113B -  E n largem en t o f  p a r t  o f  th e  f ig u r e  ab ove . 
B ar i s  10 jum.
- 209 -
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F ig . 114 -  SEM p h o to g ra p h  show ing la th - s h a p e d  i l l i t e  , 
S tep h en  F o rm atio n  ( 1-34-57-22W 4, 7 0 1 8 ') .  B ar 
i s  10 jUm.
F ig . 115 -  SIEM p h o to g ra p h  show ing l e a f - l i k e  i l l i t e  w ith  
la th - s h a p e d  te r m in a t io n s .  Satovatamau Member 
(6-35-63-12W 5, 1 0 4 1 1 ') .  B ar i s  10 jam.
-  211 -
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F ig . 115 -  SEM p h o to g ra p h  show ing l e a f - l i k e  i l l i t e  w ith o u t  
la th - s h a p e d  te r m in a t io n s .  B a sa l S an d sto n e  U n it  
(4-12-15-27W 4, 11759’ ) .  Bar i s  10 urn.
F ig . 117 -  SEM p h o to g rap h  show ing i l l i t e  w ith  ten d e n c y  to
honey-comb t e x t u r e .  Sakwatamau Member ( 5 -3 5 - 6 2 - 18W5, 
11027%' ) .  Bar i s  10 Aim.
-  213  -
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F ig . 118 -  SEM p h o to g ra p h  o f  an  i l l i t e  e x h ib i t i n g  c a b b ag e -
head  s t r u c tu r e - ( a r r o w .) . Salewatamau Member (6 -3 6 - 6 3 - 12W5, 
1 0 4 1 1 ') .  B ar i s  10 Ami.. ' '
F ig .  119 -  SliM p h o to g ra p h  o f  an  i l l i t e  showing f o l i a t e d  
s t r u c t u r e .  B a sa l S a n d s to n e  U n it (4-12-15-27W 4, 
1 1 7 5 9 ') . Bar i s  10 Aim.
-  215  -
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F ig . 120 -  SEM p h o to g rap h  show ing la th - s h a p e d  i l l i t e  p a r t l y
e n c lo se d  by q u a r tz  o v e rg ro w th . Note th e  d e l i c a c y  o f
i l l i t e  fo rm a tio n . Sakwatamau Meig)er (6-36-63-12W 5,
1 0 4 0 5 ') .  B ar i s  10 Aim.
-  217  -
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a ls o  r e p la c e  a u th ig e n ic  and d e t r i t a l  g r a in s  in c lu d in g  q u a r tz  
and f e ld s p a r s  ( F i g .1 0 8 ).
KAOLINITE:
K a o l in i te  i s  r a r e  and i s  u s u a l ly  p r e s e n t  a s  p o re -  
f i l l i n g  b o o k le ts  ( F ig s .121 and 122). However, t h e r e  i s  a ls o  
a c lo s e  a s s o c ia t io n  betw een K -fe ld s p a rs  and k a o l i n i t e  ( F i g . 123)
CHLORITE:
C h lo r i te  i s  a l s o  r a r e  in  th e  sam ples s tu d ie d  and p r e s e n t  
a s  g r a in  c o a t in g s  and p o r e - f i l l i n g ,  and commonly d i s p l a y s  a 
honey-com b s t r u c tu r e  ( F i g .1 2 4 ).
DOLOMITE;
D olom ite cem ent o c c u rs  a s  p o i k i l o to p i c  cem ent w ith  a 
s tr o n g  sw eeping e x t i n c t i o n  and e n c lo s e s  a la r g e  number o f  
d e t r i t a l  g r a i n s ,  o r  a s  f i n e l y  c r y s t a l l i n e  c r y s t a l s  o r  a g g re ­
g a te s  o f c r y s t a l s  ra n g in g  in  s iz e  from 30 pm  t o  250 jum, w ith  
l u s t r o u s  ap p earan ce . Wavy e x t in c t io n  can be se en  in  th e  la r g e  
c r y s t a l s .  The SEM shows t h a t  th e s e  c r y s t a l s  have cu rv ed  
f a c e s  (F ig . 125) c h a r a c t e r i s t i c  o f  s a d d le  d o lo m ite "
(Radke & M a th is , 1980). A nother i n t e r e s t i n g  form  o f  s a d d le
219
F ig . 121 -  S13M p h o to g ra p h  o f  p o r e - f i l l i n g  k a o l i n i t e  in  
th e  form  o f  b o o k le t s .  B a sa l S an d sto n e  U n it  (4-12- 
15-27W5, 1 1 7 5 9 ') .  B ar i s  10 Am.
F ig . 122 -  SliM p h o to g ra p h  o f  p o r e - f i l l i n g  k a o l i n i t e  in
th e  form  o f  b o o k le t s .  Salw atam au Member ( 1-34-57-22W 4, 
6 8 7 4 ') .  Bar i s  1 0 jum.
-  2 2 0  -
;
i l
2 2 1  -
F ig . 123A -  SEM p h o to g rap h  o f  k a o l i n i t e  r e s u l t i n g  from  
th e  rep la ce m e n t o f ^ f e l d s p a r  g r a i n s .  S tephen  
F orm ation  ( 1-34-57-22W 4, 7 0 1 8 ') .  Bar i s  1 0 ^ .
F ig . 123B -  An en la rg em en t o f  p a r t  o f  th e  k a o l i n i t e  above. 
N ote t h a t  th e  b o o k le t  s t r u c t u r e  in  t h i s  c a se  i s  n o t  
w e ll  d e v e lo p e d . Bar i s  10 jam.
1-  222  -
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F ig . 124 -  SliM p h o to g ra p h  show ing c h l o r i t e  d i s p la y in g  
honey-com b s t r u c t u r e .  B a sa l S an d sto n e  U n it 
(4-12-15-27W 4, 1 1 7 5 9 ') .  Bar i s  10 um.
F ig . 125 -  SEM p h o to g ra p h  show ing s a d d le  d o lo m ite . N ote 
th e  c u rv ed  c r y s t a l  f a c e s .  A lso  n o te  th e  k a o l i n i t e ,  
a u th ig e n ic  q u a r t z ,  and th e  c o rro d e d  f e ld s p a r  g r a in  
■ (lo w e r-r ig h ty. '.Sakwatamau Member ( 1-34-57-22W 4, 
6 9 7 4 ') .  B ar i s  10 A im .
-  224 -
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d o lo m ite  i s  p r e s e n t  in  th e  d o lo m itic  c o n c re t io n s  d e s c r ib e d  
e a r l i e r .  T h is  d o lo m ite  i s  in  th e  form o f  l a r g e  c r y s t a l s  
(up to  3 .75  mm) w hich d i s p la y  zon ing  and %favy e x t i n c t i o n  
(F ig . 8 2 ) . D olom ite  cem ent c o rro d e s  and r e p la c e s  d e t r i t a l  
g r a in s ,  a u th ig e n ic  o v e rg ro w th s , and i l l i t e .
M icroprobe a n a ly s e s  (T ab le  8) show t h a t  th e s e  d o lo m it ic  
cem ents a r e  f e r r o a n ,  w ith  FeO c o n c e n t r a t io n s  betw een  7.72% 
and 11.13% and MnO c o n c e n t r a t io n s  betw een 0.37% and 2.47%.
No s y s te m a t ic  d i f f e r e n c e s  have  been  d e te c te d  b e tw een  th e  
d i f f e r e n t  ty p e s  o f  d o lo m ite .
CALCITE:
C a lc i t e  i s  l e s s  common th a n  d o lo m ite  in  th e  Cam brian 
sa n d s to n e s  and i s  ab u n d an t o n ly  l o c a l l y .  C a lc i t e  cem ent i s  
p r e s e n t  in  th e  form  o f  sm a ll e u h e d ra l  c r y s t a l s  ( F ig .1 2 5 ) .
The EDAX a n a ly s e s  show t h a t  c a l c i t e  cem ent i s  a l s o  f e r r o a n .
ANHYDRITE:
A n h y d rite  cem ent i s  p r e s e n t  a s  c o a r s e ly  c r y s t a l l i n e  o r  
p o ik i lo to p ic  cem ent (F ig .1 2 7 ) .  I t  i s  r e p la c e d  by q u a r tz  
o v erg ro w th s  ( F ig .1 0 6 ) , b u t  a l s o  c o rro d e s  and r e p la c e s  d e t r i t a l  
g r a in s  (F ig ..  127 ).
-  226
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F ig . 125 -  SIM p h o to g rap h  show ing e u h e d ra l  c a l c i t e  c e m e n t( l e f t )  
N ote q u a r tz  o v e rg ro w th  ( c e n t r e )  and c o rro d e d  f e ld s p a r  
g r a in  ( r i g h t ) .  Sakwatamau Member ( l-3 4 -5 7 -2 2 W 4 ,6 8 7 4 ') . 
Bar i s  10 Aim.
Fi g .  127 -  P ho tom icrog raph  show ing p o ik i lo to p ic  a n h y d r i te  
cem ent. Note th e  re p la c e m e n t o f q u a r tz  o v e rg ro w th s  
by a n h y d r i te  ( a r ro w s ) . Mount Whyte F orm ation  
(8-17-50-26W 4, 8 8 7 1 ' ) .  PL, 125X.
- 228 -
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HEMATITE:
A la rg e  number o f  th e  C am brian s a n d s to n e s  a r e  r e d .  T h is  
c o lo u r  i s  m ain ly  due to  s t a i n i n g  w ith  i ro n  o x id e s . The re d  
c o lo u r  i s  a p p a re n tly  caused  by c la y  m in e ra ls  t h a t  c o n ta in  
abundan t h e m a tite  p e l l i c l e s  (F ig .  104, p . 197).
FORMATION OF AUTHIGENIC MINERALS:
From t e x tu r a l  and re p la c e m e n t r e l a t i o n s  betw een th e  d i f ­
f e r e n t  a u th ig e n ic  p ro d u c ts  in  th e  sa n d s to n e s  th e  p a r a g e n e t ic  
sequence  h as  been d e te rm in ed  a s  fo l lo w s ;  1) a n h y d r i te ,  2) c a l c i t e ,  
3) a u th ig e n ic  K -fe ld s p a rs , 4) i l l i t e ,  5) q u a r tz  o v e rg ro w th s ,
6) a n h y d r i te  (second g e n e r a t io n ? ) ,  7) i l l i t e  (second  g e n e r a t io n ) ,
8) k a o l i n i t e ,  9) s t y l o l i t i z a t i o n ,  10) c h l o r i t e ,  and 11) F e -d o lo m ite  
and s a d d le  d o lo m ite . The o r d e r  a n h y d r i t e - c a l c i t e ,  how ever, i s  
u n c e r ta in  and th e  two cem ents may have p r e c i p i t a t e d  s im u l ta n e o u s ly .  
A lso , k a o l i n i t e  may have form ed d i r e c t l y  a f t e r  th e  a u th ig e n ic  K- 
f e ld s p a r s .
FORMATION OF AUTHIGENIC CLAY MINERALS AND FELDSPARS:
Tlie assem blage o f  d ia g e n e t i c  m in e ra ls :  I l l i t e ,  k a o l i n i t e ,  
q u a r tz ,  and K -fe ld sp a rs  a g re e s  w ith  th e  low te m p e ra tu re  s t a b i l i t y  
r e l a t i o n s  in  th e  system  KgO-AlgOg-SiO.-H-O. F ig u re  128 shows 
th e  aqueous s o lu t io n s  in  e q u i l ib r iu m  w ith  s o l id  p h a ses  and 
a c t i v i t y  o f  H^SiO^ and a t  25^C. I t  i s  e v id e n t  from  t h i s  
d iagram  th a t  th e  main c o n t r o l l i n g  f a c t o r s  in  th e  fo rm a tio n  o f  
t h i s  assem blage a r e  S iO ^ c o n c e n tra tio n  and th e  kV h "^  r a t i o ,  
p ro v id e d  th a t  S i ,  A l, and K io n s  a r e  s u f f i c i e n t l y  p r e s e n t  in  
th e  system .
- 230
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Fig 2 2 3 - S t a b i l i t y  f i e l d  d iagram  fo r  comnon m in e ra ls  in  
th e  system  K20-^l202*’SiÜ2-H20. T=25^C, ^ t o t a l ”  ^ atm .
The a re a  e n c lo s e d  by dashed  l in e s  in c lu d e s  v a lu e s  
m easured in  s u r f a c e  w a te r  (A dapted from  B e rn e r , 1971) .  
Tne a re a  e n c lo s e d  by th e  d o t te d  c u rv e  r e p r e s e n t  w a te rs  
from g r a n i t i c  and w ea th ered  g r a n i t i c  t e r r a i n  ( Af t e r  
N 'isb e tt  & Young, 1984) .
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A number o f  s o u rc e s  o f io n s  in  o th e r  a r e a s  have 
been  p ro posed  by d i f f e r e n t  a u th o r s .  G lu s k o te r  (1964) r e l a t e d  
th e  abundance o f  a u th ig e n ic  K - fe ld s p a rs  in  th e  F ra n c is c a n  
F o rm ation  ( J u r a s s i c )  in  C a l i f o r n ia  to  le a c h in g  and r e p r e c i ­
p i t a t i o n  o f  f e ld s p a r  g r a in s  in  zones a s s o c ia te d  w ith  th e  
San A ndreas f a u l t  sy s te m . K a stn e r (1971) s u g g e s te d  t h a t  
se a w a te r  was th e  so u rc e  f o r  io n s ,  and th e  breakdow n o f
3+
u n s ta b le  m in e ra ls  a s  th e  so u rc e  f o r  Al and S i .  S w ett 
(1968) p o s tu la te d  t h a t  d o lo m it iz a t io n  o f  i l l i t i c  l im e s to n e s  
r e le a s e d  th e  r e q u i r e d  p o tass iu m  f o r  th e  fo rm a tio n  o f  a u th i ­
g e n ic  f e ld s p a r s  in  some Cam brian and O rd o v ic ia n  ro c k s  in  
S c o tla n d . Odom e t  a l  (1979) su g g e s te d  s a l i n e  p o re  f l u i d s  
e x p e lle d  d u r in g  com paction  o f  o v e r ly in g  and u n d e r ly in g  
c a rb o n a te s  a s  th e  m ain so u rc e  o f  io n s  f o r  th e  fo rm a tio n  o f
a u th ig e n ic  f e ld s p a r s  in  th e  S t .  P e te r  S an d sto n e  (O rd o v ic ian )
3+in  W isconsin  and I l l i n o i s ,  and t h a t  Al r e q u i r e d  f o r  th e  
fo rm a tio n  o f  k a o l i n i t e  was s u p p lie d  by r e a c t i o n  o f  ^ - f e ld s p a r s  
and i l l i t e  w ith  f r e s h w a te r .
A l^^ and Al(OH)^ a r e  in s o lu b le  in  n a tu r a l  w a te rs  (w ith  
pH betw een 4 and 9) ( F ig .129) and have e x tre m e ly  low m o b i l i t i e s .  
They a re  v i r t u a l l y  a b s e n t  from s e a w a te r , r i v e r  w a te r s ,  and 
f r e s h  underground  w a te r s .  T h e re fo re , aluminum m ust have been 
s u p p lie d  from  lo c a l  i n t r a s t r a t a l  s o u rc e s .
S eaw ater i s  s l i g h t l y  a lk a l in e  ( F ig .128) and a c t s  a s  a 
b u f f e r  s o lu t io n  (F riedm an & S a n d e rs , 1978). T here  i s  a ls o  
l i t t l e  p o t e n t i a l  f o r  ch em ica l r e a c t io n  betw een  th e  common
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F ig . 129 -  R e la t io n s h ip  betw een  pH and th e  s o l u b i l i t i e s  o f  
c a l c i t e ,  q u a r t z ,  amorphous s i l i c a ,  and aluminum (a d a p te d  
from  B l a t t  e t  , 1972. Aluminum c u rv e  m o d if ie d  from  
Mi H o t ,  1970).
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d e t r i t a l  m in e ra l p h a s e s , and norm al m arine  p o re  w a te rs  
(G a r re ls  and C h r i s t ,  1965). The rep la ce m e n t o f  f e ld s p a r s  
by c la y  m in e ra ls  ( F i g .123) and t h e i r  d i s s o l u t i o n  due to  
p re s s u re  s o lu t io n  ( F i g .130) s u g g e s t  t h a t  f e ld s p a r s  c o n t r i b ­
u te d  io n s  su ch  a s  K, A l, and S i to  th e  sy s tem . However, 
d i s s o l u t i o n  phenomena a re  nowhere common in  th e  Cam brian 
s a n d s to n e s . In  t h i s  s tu d y  em phasis i s  p la c e d  on m e te o r ic  
g roundw ater a s  th e  m ain t r a n s p o r t i n g  a g e n t and s u p p l i e r  o f  
io n s (w ith  th e  e x c e p tio n  o f  A l) t o  th e  d ia g e n e t i c  en v iro n m en t.
W aters in  th e  w e a th e r in g  p r o f i l e s  a r e  d e r iv e d  from  
r a in w a te r .  These w a te rs  a re  made a c id i c  by d i s s o l u t i o n  o f 
a tm o sp h e ric  CO  ^ (N e s b it t  and Young, 1984).
When th e s e  a c id i c  w a te rs  move to  th e  s u b s u rfa c e  th e y  
r e a c t  w ith  f e l d s p a r s ,  m ic a s , and o th e r  c la y  m in e ra ls  u n t i l  
th e y  become e n r ic h e d  in  io n s . However, a s  th e s e  w a te rs  move 
f u r t h e r  do im dip , th e  en v ironm en t becomes a lk a l in e  and re d u c in g  
(Champ e t  . ,  1979) and new a d ju s tm e n ts  ta k e  p la c e .  As w i l l  
be d isc u s s e d  l a t e r  un d er th e  fo rm a tio n  o f  a u th ig e n ic  q u a r t z ,  
t h e s e  a d ju s tm e n ts  may r e s u l t  from  m ix ing  o f  m e te o r ic  w a te r  
w ith  th e  m arine  fo rm a tio n  w a te r .
m i t e s  and a u th ig e n ic  K - fe ld s p a r s  w ere th e  f i r s t  
s i l i c a t e  m in e ra ls  to  form  in  th e  sa n d s to n e s  under s tu d y  when 
th e  K^/H^ r a t i o  and H^SiO^ a c t i v i t y  w ere h ig h  ( F ig .1 2 8 ) .
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F i g . 130 -  P h o to m icro g rap h  o f  a q u a r t z a r e n i t e  show ing 
p r e s s u r e - s o lu t io n  c o n ta c t s  betw een a f e ld s p a r  g r a in  and 
th e  s u rro u n d in g  q u a r tz  g r a in s  (a r ro w ) . B a sa l S an d sto n e  
(8-17-50-26W 4, 8952‘ ) .  PL, 125X.
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Tine l a t h - l i k e  i l l i t e s  a r e  a s s o c ia te d  in  p la c e s  w ith  
i r r e g u l a r  " b lo b - l ik e "  c o re s  (F ig .1 3 1 ) .  T hese i l l i t e s  w ere 
p ro b a b ly  form ed by ch e m ica l p r e c i p i t a t i o n  (Guven e t  a l . ,  1980). 
From a few SEM o b s e r v a t io n s  i t  seems t h a t  l e a f - l i k e  and 
cab bage-head  i l l i t e s  a l s o  o r ig in a te d  from  th e s e  b lo b - l i k e  
c o re s .  Once th e s e  c o re s  grew  to  a c e r t a i n  s t a g e ,  th e y  b u r s t  
open to  form  l e a f - l i k e  and cab b ag e-h ead  i l l i t e s .  F o l ia te d  
i l l i t e s ,  on th e  o th e r  h an d , seem to  form  from  d e g ra d a tio n  o f  
m ica g r a i n s .  Honeycomb i l l i t e  form s a re  more c h a r a c t e r i s t i c  
o f  s m e c t i te  (W ilson  & P ittm a n , 1977) b u t  in  th e  sam ples 
s tu d ie d  th e y  a re  o f  i l l i t i c  c o m p o s itio n .
F e ld s p a r  o v e rg ro w th s  a r e  e u h e d ra l ,  u n tw in n ed , l im p id , 
and p u re  end members KAlSi^Og. They a r e  s im i l a r  t o  th e  
a u th ig e n ic  K - f e ld s p a r s  d e s c r ib e d  by K a s tn e r  (1971) and Buyce 
and Friedm an (1974) from  c a rb o n a te  ro c k s , and o th e r  low 
te m p e ra tu re  a u th ig e n ic  f e ld s p a r s  ( e . g . ,  K a s tn e r  and S ie v e r ,
1979; S ta b le in  and D a p p le s , 1977; S w e tt, 1968; Odom, 1975, and 
Odom e t  a l . , 1979). F e ld s p a r  o v erg ro w th s  su rro u n d  t h e i r  d e t r i t a l  
c o re s  c o m p le te ly , a f e a t u r e  w hich s u g g e s ts  t h a t  th e  g r a in s  
have been  f r e e  to  be e n la rg e d  in  an o p en ly  packed  sa n d . T h is  
o b s e rv a t io n  le d  S t a b le in  and D apples (1977) t o  co n c lu d e  t h a t  
a u th ig e n ic  f e ld s p a r s  c r y s t a l l i z a t i o n  began  soon fo llo w in g  b u r i a l  
o f  th e  d e t r i t a l  f r a c t i o n  in  th e  Cam brian T unnel C i ty  Group o f 
w e s te rn  W isc o n s in . A u th ig e n ic  K - fe ld s p a r s  grew  on d e t r i t a l  
K - fe ld s p a r  c o re s  o r  in  r a r e  c a s e s  on g la u c o n i te  g r a in s  ( F i g . l l l ) .
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F ig . 131 -  SEM p h o to g rap h  show ing la th - s h a p e d  i l l i t e  and 
p r is m a t ic  q u a r tz  o v e rg ro w th s . Note th e  b l o b - l i k e  
i l l i t e  in  th e  u p p e r - l e f t  c o rn e r  o f th e  p h o to g ra p h  
(se e  a ls o  F ig . 118) .  Sakwatamau Member (5 -3 6 -6 3 -  
12W5, 10405 ' ) .  Bar  i s  10 urn.
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I t  i s  p o s s ib le  t h a t  K - fe ld s p a r  o v erg ro w th s w ould p r e c i p i t a t e  
on c o m p a tib le  d e t r i t a l  g r a in s ;  how ever, in  th e  c a s e  o f  th e  
ab sen ce  o f  s u i t a b l e  s u b s t r a t a ,  i l l i t e  would form  b lo b - l ik e  
c o re s  e s p e c i a l l y  i f  s t a b i l i t y  c o n d it io n s  a r e  c lo s e  to  th e  
K - f e l d s p a r - i l l i t e  s t a b i l i t y  l i n e  ( F ig .1 2 8 ).
The fo rm a tio n  o f  a u th ig e n ic  K - fe ld s p a r s  and i l l i t e  
would move th e  s o lu t i o n s  c o m p o s itio n  to  th e  k a o l i n i t e  
s t a b i l i t y  f i e l d  ( F ig .1 2 8 ) .  However, an i n f l u x  o f  f r e s h  
g roundw ate r a t  l a t e r  tim e s  may have r e s u l t e d  in  f u r t h e r  
d i s s o l u t i o n  o f  f e ld s p a r s  and o th e r  u n s ta b le  m in e ra ls  and 
th e  fo rm a tio n  o f  l a t e  s ta g e  i l l i t e  and f e ld s p a r  o v e rg ro w th s .
C h lo r i t e  may have form ed in  th e  re d u c in g  and a lk a l in e  
zone where Fe^^ becomes a v a i l a b l e  (Champ e t  a d . ,  1979) 
a c c o rd in g  to  th e  r e a c t i o n  p ro p o sed  by Almon & D av ies  (1 9 7 9 ):
(eq ) + 3 » 4 S i°4 (e q )  + ^ « ^ e q )  + K e q )  ^  
( c h l o r i t e )
FeMg^Al2Si3 0 io (O H )g (s) + + 8H+
-j ^
Mg c o u ld  have been  s u p p lie d  by m arine  fo rm a tio n  w a te r  o r  
from  a l t e r a t i o n  o f  m a g n e s iu m -a lu m in o s ilic a te  m in e r a ls .
G la u c o n ite  i s  c o n s id e re d  in  t h i s  s tu d y  a s  a syndepo- 
s i t i o n a l  d ia g e n e t i c  p ro d u c t and w i l l  be d is c u s s e d  s e p a r a te ly ,
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FORMATION OF QUARTZ OVERGROWTHS:
M ic ro sco p ic  and SEM o b s e rv a t io n s  show t h a t  q u a r tz  
o v erg ro w th  was n o t  th e  f i r s t  a u th ig e n ic  m in e ra l  t o  form .
I t  p o s t- d a te d  th e  fo rm a tio n  o f  a n h y d r i te  (F ig . 1 0 6 ), i l l i t e  
c o a t in g s  on d e t r i t a l  g r a in s  ( F ig .1 0 3 ) ,  and a l s o  th e  fo rm a tio n  
o f  a u th ig e n ic  K - f e ld s p a r s .  T h is  i s  in  c o n t r a d ic t io n  
w ith  th e  f in d in g s  o f  D apples (1 9 5 9 ), S ie v e r  (1 9 5 9 ), and 
many o th e r s  who s u g g e s te d  t h a t  q u a r tz  o v e rg ro w th  i s  th e  f i r s t  
d ia g e n e t ic  p r e c i p i t a t e .
The developm en t o f  q u a r tz  o v e rg ro w th s  was d e s c r ib e d  
by Waugh (1970) and P ittm a n  (1972) u s in g  th e  SEM. They 
n o te d  t h a t  q u a r tz  o v e rg ro w th s  s t a r t  as  num erous i n c i p i e n t  
c r y s t a l s  on a d e t r i t a l  q u a r tz  g r a in .  These s m a ll c r y s t a l s  
e v e n tu a l ly  o v e r la p  and c o a le s c e  to  form  la r g e  c r y s t a l  f a c e s  
so  t h a t  th e  u n d e r ly in g  com plex n a tu r e  o f  th e  o v e rg ro w th s  i s  
m asked. T hese g row th  s ta g e s  w ere n o t o b se rv e d  in  th e  p r e s e n t  
s tu d y , and i n c i p i e n t  q u a r t z  o v e rg ro w th s  w ere o b se rv e d  in  a 
v e ry  few p la c e s  (F ig .1 3 2 ) .  SEM o b s e r v a t io n s ,  how ever, s u g g e s t  
t h a t  q u a r tz  o v e rg ro w th s  grew  in  s ta g e s ,  ea ch  s ta g e  r e s u l t e d  
in  th e  p r e c i p i t a t i o n  o f  a t h in  la y e r  l e s s  th a n  1 >ura in  t h i c k ­
n e s s  ( F ig s .133and 1 3 4 ). P ittm a n  (1972) n o ted  t h a t  q u a r tz  
o v erg ro w th s  a r e  c o n n e c te d  to  th e  h o s t  g r a in  o n ly  a t  i s o l a t e d  p o in t s  
and t h a t  the. a r e a  betw een  th e  ov erg ro w th  and n u c le u s  i s  v o id  
s p a c e , w hich form s th e  " d u s t l in e "  v i s i b l e  in  t h i n  s e c t io n s .
T h is  phenomenon i s  v e ry  common in  th e  s a n d s to n e s  o f  th e  p r e s e n t  
s tu d y  (F ig s .  70 a n d l0 2 ) ;  how ever, th e  v o id  sp a ce  may be f i l l e d
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F ig . 132 -  SEM p h o to g ra p h  show ing i n c i p i e n t  q u a r tz  o v e r ­
g row th  on a d e t r i t a l  q u a r tz  g r a in .  N ote th e
I
deveopm ent o f  a l a t e r  s ta g e  ov erg ro w th  on to p  o f  
th e  s m a l le r  c r y s t a l s .  Sakwatamau Member (1 -3 4 -  
57-22W4, 6 8 7 4 ') .  Bar i s  10 jum.
F ig . 133 -  SEM p h o to g ra p h  show ing q u a r tz  o v e rg ro w th s  on
d e t r i t a l  q u a r tz  g r a i n s .  N ote th e  p re s e n c e  o f  t h i n  
l a y e r s  w i th in  th e  o v e rg ro w th s  ( c e n t r e  and u p p e r-  
l e f t  c o r n e r ) .  T hese l a y e r s  may r e p r e s e n t  s u c c e s s iv e  
g row th  s ta g e s  o f  th e  q u a r tz  o v e rg ro w th s . Sakwatamau 
Member (5-35-62-18W 5, 1 0 9 0 1 ') .  Bar i s  1 0 0 Jum.
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F ig . 134 -  SEM p h o to g rap h  show ing q u a r tz  o v e rg ro w th s  on 
a d e t r i t a l  q u a r tz  g r a i n .  N ote th e  p re se n c e  o f  
m ic ro n -s c a le  l a y e r s  w i th in  th e  o v e rg ro w th s . 
Sakwatamau Member (5-29-52-1W 5, 7 4 2 5 V )-  Bar i s  
10 urn. (See a l s o  F ig s .  101 and 105).
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w ith  h a i r y  i l l i t e ,  w here q u a r tz  overg row th  seems to  be 
grow ing on i l l i t e - l a t h s  w ith o u t any b rea k s  in  g row th  
( F ig . i2 0 ) .  In  t h i s  c a s e  i t  seem s t h a t  i l l i t e  form ed th e  
n e c e s s a ry  s u b s t r a t a  f o r  q u a r tz  o v e rg ro w th s .
S ie v e r  (1 9 5 9 ), F riedm an and S anders (1978, p . 1 62), 
and B la t t  (1979) s u g g e s te d  t h a t  f o r  c e m e n ta tio n  to  be 
e f f e c t i v e ,  s i l i c a  s u p e r s a tu r a te d  w a te r  must c i r c u l a t e  
e x te n s iv e ly  in  th e  s u b s u r f a c e .  S i l i c a  c o n c e n t r a t io n s  in  
s e a  w a te r i s  v e ry  low , u s u a l ly  betw een 1 and 4 ppm. At 
th e s e  c o n c e n t r a t io n s ,  s e a w a te r  i s  g e n e ra l ly  u n d e r s a tu ra te d  
w ith  r e s p e c t  t o  q u a r tz  ( s o l u b i l i t i e s  o f q u a r tz  in  n e a r ­
n e u t r a l  s o lu t io n s  i s  a b o u t 6  t o  10 ppm). R iv e r  w a te r s ,  on 
th e  o th e r  hand , may show s i l i c a  c o n c e n t ra t io n  o f  22 to  30 
ppm due to  th e  s i l i c a  r e le a s e d  d u r in g  ch em ica l w e a th e r in g  
and a re  s u p e r s a tu r a te d  w ith  r e s p e c t  to  q u a r tz  (F riedm an & 
S a n d e rs , 1978, p . 1 6 2 ). S eaw a ter h a s  been r u le d  o u t a s  a 
so u rc e  o f s i l i c a  b e c a u se  o f  th e  low c o n c e n t ra t io n  o f  s i l i c a  
and th e  d i f f i c u l t y  o f  m a in t^ n in g a  s u i t a b l e  h y d r a u l ic  g r a d ie n t  
betw een th e  se a  f lo o r  and th e  lan d  s u r f a c e  ( B l a t t ,  1979).
A number o f  o th e r  s o u rc e s  o f  s i l i c a  have been  p roposed  
by d i f f e r e n t  a u th o r s ,  th e s e  s o u rc e s  in c lu d e ;
1) T ra n sfo rm a tio n  o f  s m e c t i te  to  i l l i t e  w ith  su b se q u e n t 
d e w a te rin g  o f  u n d e r ly in g  s h a le s  a t  a l a t e  s ta g e  o f  b u r i a l  
(Towe, 1962; Lahan, 1980; Land and D u tto n , 1978; B o les  & 
F ra n k s , 1979).
2) R eplacem ent o f  d e t r i t a l  s i l i c a t e  m in e ra ls  by c a rb o n a te
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{W alker, 1960; M uravyov, 1970).
3) P re s s u re  s o lu t io n  o f  q u a r tz  g r a in  c o n ta c ts  (H ouseknech t, 
1984; R obin , 1978; S ib le y  and B l a t t ,  1976), and
4) D is s o lu t io n  o f  K - fe ld s p a r s  o r  m icas in  se d im e n ts  (Hower 
e t  a l . , 1976; W alker, 1967).
A lthough  a l l  th e s e  p ro c e s s e s  may have been  o p e r a t iv e  d u r in g  
th e  d ia g e n e s is  o f  th e  Cam brian sa n d s to n e s  u n d e r s tu d y , 
m ic ro sc o p ic  and SEM o b s e rv a t io n s  show t h a t  th e y  w ere lo c a l iz e d  
and th e  s i l i c a  r e l e a s e d  would be v o lu m e tr ic a l ly  low .
A l t e r a t i o n  o f  s m e c t i te  t o  i l l i t e  and th e  r e l e a s e  o f  s i l i c a  
i s  b e lie v e d  to  be common in  te m p e ra tu re s  above 60^0 (Hower 
e t  a l . ,  1976; B o les and F ra n k s , 1979). T h is  h y p o th e s is ,  
how ever, im p lie s  t h a t  q u a r tz  o v erg ro w th s do n o t  form  u n t i l  
th e  se d im e n ts  w ere b u r ie d  to  a t  l e a s t  2 km ( ^ 6 5 0 0 ')  (assum ing 
a te m p e ra tu re  g r a d ie n t  o f  30°C /km ), and t h a t  a l l  c la y  m in e ra ls  
d e l iv e r e d  to  th e  s e d im e n ta ry  b a s in s  were o r i g i n a l l y  s m e c t i t e .  
A lso , L eder and P a rk  (1 9 8 6 ), R e inson  and F o sc o lo s  (1 9 8 6 ), and 
B jo r r ly k k e  (1979) in d ic a te d  t h a t  a lth o u g h  c la y  m in e ra l  
t r a n s fo r m a t io n s  may y i e l d  s u f f i c i e n t  am ounts o f  s i l i c a  f o r  
q u a r tz  o v e rg ro w th s , th e  volume o f  w a te r  g e n e ra te d  from  s h a le  
com paction  i s  n o t s u f f i c i e n t  f o r  th e  t r a n s p o r t a t i o n  o f  io n s  
i n to  th e  s a n d s to n e s .  M oreover, th e  B asa l S an d sto n e  u n i t ,  f o r  
exam ple, o v e r l i e s  d i r e c t l y  th e  P recam brian  basem ent and c o n ta in s  
v e ry  l i t t l e  o r  no s h a le  b e d s . R eplacem ent o f  d e t r i t a l  s i l i c a t e  
m in e ra ls  by c a rb o n a te  cem ents h a s  been o b se rv e d  in  a few 
sam ples w here cem ent i s  a b u n d an t; how ever, i t  i s  d o u b tfu l  .th a t  
t h i s  p ro c e s s  c o u ld  have  s u p p lie d  enough s i l i c a .  P r e s s u r e -
A-|
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s o lu t io n  i s  a l s o  l o c a l i z e d  and , a lth o u g h  th e r e  i s  e v id e n c e  
t h a t  g r a in s  have been  d is s o lv e d  a t  t h e i r  c o n ta c t s ,  many o f  
th e  s u tu re d  g r a in  c o n ta c t s  may a c tu a l l y  r e p r e s e n t  p e n e tr a ­
t i o n  betw een o v e rg ro w th s  (F ig .  74) ( s e e  a l s o  S ip p e l ,  1958). 
D is s o lu t io n  o f  K - fe ld s p a r  and m ica g r a in s  may have 
c o n tr ib u te d  some s i l i c a ;  how ever, t h e i r  s i g n i f i c a n c e  i s  
d i f f i c u l t  t o  e v a lu a te  b e c a u se  p ro g re s s iv e  d i s s o l u t i o n  
f e a t u r e s  have n o t been  o b se rv e d , a lth o u g h  t h e r e  i s  a l i t t l e  
e v id e n c e  t h a t  some o f  th e  f e ld s p a r s  may have been  d is s o lv e d  
due to  p r e s s u r e  s o lu t i o n  ( F i g .130). I t  seem s, th e n ,  t h a t  th e  
b e s t  a l t e r n a t i v e  p ro c e s s  t o  e x p la in  th e  fo rm a tio n  o f  q u a r tz  
o v erg ro w th s  i s  by a c o n tin u o u s  flow  o f u n d erg round  m e te o r ic  
w a te r .  B l a t t  (1979) s u g g e s te d  t h a t  q u a r tz  (and c a l c i t e )  
c e m e n ta tio n  i s  m ost e f f i c i e n t  when th e  san d s  a r e  lo c a te d  
c lo s e  to  th e  s u r f a c e .  The i d e a l  d ia g e n e t ic  en v iro n m en t f o r  
th e  fo rm a tio n  o f  q u a r t z  o v e rg ro w th s  would be a n a lo g o u s  to  
th e  a c t iv e  f r e s h w a te r  and m ix ing  zones d e s c r ib e d  in  th e  
l i t e r a t u r e  in  d i s c u s s io n s  o f  th e  d ia g e n e s is  o f  c a rb o n a te  
ro c k s  ( F ig .1 3 5 ) .
The e f f e c t  o f  m ix ing  o f  m e te o r ic  w a te r  w i th  se a  w a te r  
in  th e  m ix ing  zone (F ig .1 3 5 )  on th e  d ia g e n e s is  o f  c l a s t i c  
ro c k s  i s  n o t w e ll  docum ented . R u n n e lIs  (1969) p o in te d  o u t 
t h a t  th e  ch e m ica l e f f e c t s  o f  m ix ing  o f aqueous s o lu t io n s  in  
th e  la b o r a to r y  in c lu d e  chan ges in  th e  c o n c e n t r a t io n  and 
e l e c t r i c a l  p r o p e r t i e s  o f  th e  s o lu t io n ,  s h i f t s  in  homogeneous 
e q u i l i b r i a ,  and p r e c i p i t a t i o n  and d i s s o l u t i o n  o f  a s o l i d
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F ig . 135 -  S chem atic  d iag ram  showing th e  d i f f e r e n t  h y d ro lo g ie  
reg im es in  p a r t l y  em ergen t t e r r a i n  and c h a r a c t e r i s t i c  d ia g e n e ­
t i c  p r o d u c ts .  L e f t-h a n d  column shows th e  d ia g e n e t i c  p ro d u c ts  
in  a c a rb o n a te  t e r r a i n ,  w h ile  th e  r ig h t -h a n d  column shows 
th e  d ia g e n e t i c  p ro d u c ts  in  a c l a s t i c  t e r r a i n  ( c a rb o n a te  d ia g e ­
n e s is  based  on Longman, 1980, and H eckel, 1983).
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p h a se . However, th e  g e o c h e m is try  o f  s i l i c a  i s  v e ry  com plex, 
s i l i c a  in  n a tu r a l  w a te rs  i s  a lw ays p r e s e n t  in  th e  form  
H^SiO^ (m o n o s i l ic ic  a c i d ) .  I t  i s  e s s e n t i a l l y  n o n io n ic  in  
n e u t r a l  and w eakly  a c id i c  s o lu t i o n s ,  i t  rem a in s  in  th e  
monomeric s t a t e  a t  v e ry  low c o n c e n t r a t io n s  and c o l l o i d a l  
p a r t i c l e s  a r e  form ed ( l i e r ,  1979). S i l i c a  s o l u b i l i t y  
(hence  p r e c i p i t a t i o n )  i s  n o t a f f e c te d  by th e  pH o f  th e  
s o lu t io n  below  9 ( S ie v e r ,  1959 ). T h e re fo re , ch an g es in  pH 
due to  m ix ing  o f  f r e s h  and m arin e  w a te rs  w i l l  n o t  a f f e c t  
th e  p r e c i p i t a t i o n  o f  s i l i c a .  B ien  e t  a l . (1 9 5 9 ), b a sed  on 
f i e l d  and la b o r a to r y  a n a ly s e s  o f  r i v e r  and se a  w a te r  in  th e  
e a s t  M is s i s s ip p i  d e l t a ,  s u g g e s te d  t h a t  m ix ing  o f  f re s h w a te r  
w ith  s e a w a te r  in  th e  p re s e n c e  o f  an e l e c t r o l y t e  r e s u l t s  in  
th e  p r e c i p i t a t i o n  o f  s i l i c a  from  f r e s h w a te r .  They a t t r i b u t e d  
th e  p r e c i p i t a t i o n  o f  s i l i c a  t o  one o f  th e  fo llo w in g  p r o c e s s e s :
1 ) r e a c t io n  o f  s o lu b le  s i l i c a  w ith  e l e c t r o l y t e s  in  s e a - w a te r ,  
o r  2 ) a d s o rp t io n  o r  c o - p r e c i p i t a t i o n  o f  s o lu b le  s i l i c a  w ith  
suspended  s o l i d s  o r  c o l l o i d a l  m a te r ia l  in  r i v e r  w a te r  a s  
th e s e  come in  c o n ta c t  w ith  e l e c t r o l y t e s .
Okatomo ^  a l . (1957) have  shown t h a t  A l^^ re d u c e s
3-hth e  s o l u b i l i t y  o f  s i l i c a .  At a c o n c e n t r a t io n  o f  20 ppm, Al 
re d u c e s  th e  s o l u b i l i t y  o f  s i l i c a  to  15 pmm ( in  th e  pH ran g e  8 - 9 ) ,  
and a c o n c e n t r a t io n  o f  100 ppm re d u c e s  i t  to  1 ppm. H arder 
and F lehm ig (1967, q u o ted  by H e r ,  1979, p . 79 ) showed t h a t  
q u a r tz  c r y s t a l s  w ere n u c le a te d  in  a su sp e n s io n  o f  Fe(OH) o r  
Al (OH)g in  14 days a t  20°C. The s o lu t io n s  w ere v e ry  d i l u t e
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w ith  2 ppm o r  and 0 .4 -5  ppm SiO . However,
r i v e r  w a te r c o n ta in s  an  a v e ra g e  o f  0 .24  ppm Al(OH)^ and 
3+0 .6 7  ppn Fe , and s e a w a te r  c o n ta in s  an a v e ra g e  o f  0 .01  
ppm Al(OH)^ and 0 .0 1  ppm Fe^^, and i t  i s  n e c e s s a ry  to  
c o n s id e r  an i n t e r n a l  so u rc e  f o r  th e s e  io n s .  A l^^ o r  
Al(OH)^ can  be s u p p lie d  by th e  d i s s o lu t io n  o f  K - f e ld s p a r s  
and a lu m in o - s i l i c a t e  m in e ra ls .
S i l i c a  p r e c i p i t a t e d  from  H^SiO^ i s  am orphous and 
s p h e r i c a l ,  u n le s s  a n u c le u s  o f  c r y s t a l l i n e  s t r u c t u r e  i s  
i n i t i a l l y  p r e s e n t  (Ordway, 1964). Such c r y s t a l l i n e  s t r u c t u r e s  
on d e t r i t a l  q u a r tz  g r a in s  can r e s u l t  from s o lu t io n  a lo n g  
d e f i n i t e  c r y s t a l  zones  in  g r a in s  which have been  s u b je c te d  
to  rep la ce m e n t by c a rb o n a te s  (S ie v e r ,  1959), to  p o re  w a te r  
s o lu t io n  (K r in s e ly  and Donahue, 1968), from p é d o lo g ie  
c y s t a l l i n e  o v e rg ro w th s  in  th e  so u rc e  a re a  (H ig g s, 1979), o r  
th e y  can be i n h e r i t e d  q u a r tz  overg ro w th s in  th e  c a s e  o f  
second c y c le  q u a r tz  g r a i n s .
In  th e  l i g h t  o f  th e  above a rg u m en ts , m ix ing  o f  m e te o r ic  
and sea  w a te r  can  p ro v id e  a s u i t a b l e  medium f o r  th e  fo rm a tio n  
o f  q u a r tz  o v e rg ro w th s . However, f o r  q u a r tz  o v e rg ro w th s  to  
form , a few c o n d i t io n s  have to  be p r e s e n t  in  th e  d ia g e n e t i c  
en v iro n m en t; 1 ) a s u i t a b l e . s u b s t r a t a  to  a llo w  fo r-b h a . .growth 
o f  c r y s t a l s ,  2) l a r g e  am ounts o f  s i l i c a - s a t u r a t e d  w a te r s ,  3) 
a pH above 8 , and s u i t a b l e  c a t a l y s t s ,  e .g .  h y d ro x id e s  o f  Al 
o r  Fe.
- 251 -
DOLOMITE CEMENT;
D olom ite  cem ents in  f a c i e s  6  and 7 c o n ta in  h ig h  
c o n c e n t r a t io n s  o f  FeO (7.52%  -  11.13%) and MnO (0.37%  -  
2.47%) com pared to  th e  d o lo m ite s  in  th e  c a rb o n a te  f a c i e s  
(0.00%  -  2.52% FeO, and 0.00% -  0.52% MnO). O th e r  t r a c e  
e le m en ts  a r e  i r r e g u l a r  in  d i s t r i b u t i o n  and p r e s e n t  in  
i n s i g n i f i c a n t  am ounts (T a b le s  5 and 8 ) .
F e rro a n  d o lo m ite s  have been  r e p o r te d  from  many a n c ie n t  
d o lo m ite s  and s a n d s to n e s  and a lw ays c o n s id e re d  a s  l a t e  o r  
b u r i a l  cem ents (S c h o lle  and H a ile y , 1985; B e a le s  and H ardy, 
1980; G rover and R ead, 1983).
In  a  re d u c in g  e n v iro n m en t i ro n  and m anganese o ccu r a s  
d iv a l e n t  io n s  w hich form  F e - and M n-rich  c a rb o n a te  cem en ts . 
Modern m arine  a r a g o n i te  and c a l c i t e  have low Fe and Mn 
c o n c e n t r a t io n  r e f l e c t i n g  th e  low c o n c e n t r a t io n  o f  th e s e  
e le m en ts  in  s e a w a te r .  B en c in i & T u ri (1974) and Rao & Naqvi 
(1977) a t t r i b u t e d  th e  h ig h  Mn c o n te n t  t o  p e r io d s  o f  in te n s iv e  
w e a th e r in g . T h e re fo re ,  th e  o r ig i n  o f  th e  f e r r o a n  d o lo m ite  
cem ent in  th e  Cam brian s a n d s to n e s  can  be e x p la in e d  by m ix ing  
o f  m arine  w a te r  w ith  i r o n  and m anganese c h a rg ed  f r e s h  g ro u n d ­
w a te r  in  a  re d u c in g .e n y iro n m e n t. Lower red o x  (Eh) p o t e n t i a l s  
a llo w  i ro n  and m anganese t o  be in c o rp o ra te d  in  th e  d o lo m ite  
(G a r re ls  & C h r i s t ,  1955 ).
D olom ite  may a l s o  form  n e a r  th e  w a te r- s e d im e n t s u r f a c e  
in  burrow s and c o n c r e t io n s  in  th e  s u b t id a l  en v iro n m en t,
Broivn & Farrow  (1978) d e s c r ib e d  d o lo m ite  c o n c re t io n s  w hich
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th e y  a s c r ib e d  to  l i t h i f i c a t i o n  around  burrow s o f  mud- 
d w e llin g  c r u s ta c e a n s .  They a t t r i b u t e d  d o lo m i t iz a t io n  
to  enhancem ent o f  c a rb o n a te  p r e c i p i t a t i o n  by s u lp h a te  
re d u c in g  b a c t e r i a .  A com parison  betw een th e  ch em ica l 
c o m p o s itio n  o f  th e  d o lo m ite  in  th e  c o n c re t io n s  d e s c r ib e d  
by Brown and Farrow  (1978) and th e  s a d d le  d o lo m ite  in  s im i la r  
c o n c re t io n s  d e s c r ib e d  in  t h i s  s tu d y  i s  g iv e n  in  T ab le  9 .
I t  i s  e v id e n t  t h a t  Cam brian d o lo m ite s  c o n ta in  h ig h e r  
c o n c e n t r a t io n s  o f  FeO and MnO. T h is  d i f f e r e n c e  can  be 
a t t r i b u t e d  to  th e  fo rm a tio n  o f  th e  Cam brian c o n c re t io n s  u n der 
more re d u c in g  c o n d i t io n s ,  o r  l a r g e r  a v a i l a b i l i t y  o f  Fe and 
Mn d u r in g  t h e i r  fo rm a tio n .
Some o f  th e  d o lo m ite  cem ent in  th e  Cam brian s a n d s to n e s , 
in c lu d in g  t h a t  in  th e  c o n c re t io n s  i s  s a d d le  d o lo m ite  w ith  
cu rv ed  c r y s t a l  f a c e s  and c le a v a g e  and sw eep ing  e x t i n c t i o n .
S ad d le  d o lo m ite  h a s  a l s o  been  c o n s id e re d  a s  a l a t e  b u r i a l  
cem ent b e c au se  o f  i t s  r e c u r r in g  a s s o c i a t i o n  w ith  h y d ro ca rb o n s  
a n d /o r  e p ig e n e t i c  s u l f i d e  m in e ra ls  (Radke and M a th is , 1980;
Moore and Druckman, 1981; G rover and Read, 1983), i d e a l ly  
fo rm ing  in  te m p e ra tu re s  betw een 50°C and 150°C (Radke and 
M a th is , 1980; G regg, 1983). However, s u l f a t e - r e d u c t i o n  r e a c ­
t io n s  may n o t  be n e c e s s a ry  f o r  s a d d le  d o lo m ite  fo rm a tio n  (G regg, 
1983). S ad d le  d o lo m ite  in  th e  Cam brian s a n d s to n e s  may o r  may 
n o t  be a s s o c ia te d  w ith  t r a c e s  o f  a n h y d r i te .  I t  i s  a l s o  p o s s ib le
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T ab le  9-. - C om parison betw een  Cam brian c o n c re t io n s  
and m odern  c o n c r e t io n s .
Brown & Farrow  (1978) T h is  s tu d y
CaO 24.0% 29.0% ^ 31.0%
MgO 1 0 . 0 % 16.0% - 17.0%
FeO 0 . 8% 7.5% - 10.7%
MnO 0 . 2% 0 . 2% - 1 , 1%
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t h a t  m ost o f  th e  e a r l y  a n h y d r i te  cem ent h a s  been  d is s o lv e d  
due to  le a c h in g  by f r e s h w a te r .
D olom ite  cem ent in  th e  Cam brian s a n d s to n e s  r e p la c e s  
q u a r tz  g r a in s  and o v e rg ro w th s  i n d ic a t in g  a pH o f  9 to  11 
d u r in g  d o lo m i t iz a t io n  (F ig . 129 ). I t  seem s t h a t  th e  pH can  
be e le v a te d  t o  abnorm al v a lu e s  in  n a tu r a l  s o lu t io n s  e s p e c i a l l y  
a lo n g  th e  g r a i n - s o l u t io n  i n t e r f a c e .  F riedm an e t  a l . (1974) 
n o t ic e d  t h a t  many q u a r tz  and f e ld s p a r  g r a in s  t h a t  w ere 
t ra p p e d  in  th e  Red Sea r e e f s  have been s t r o n g ly  c o rro d e d  and 
p a r t i a l l y  r e p la c e d  by c a rb o n a te ;  th e y  a t t r i b u t e d  t h i s  r e p l a c e ­
ment to  h ig h  pH v a lu e s .  R ep lacem ent o f  q u a r tz b y  c a rb o n a te  
cem ents in  th e  Cam brian s a n d s to n e s  may have o c c u rre d  d u r in g  
e a r l y  d ia g e n e s is  co n tem p o ran eo u sly  w ith  th e  p r e c i p i t a t i o n  o f  
th e  c a rb o n a te  cem ent.
ANHYDRITE:
R eplacem ent r e l a t i o n s h i p s  s u g g e s t  t h a t  t h e r e  a r e  two 
g e n e ra t io n s  o f  a n h y d r i te .  A n h y d rite  i s  b e l ie v e d  to  be th e  
f i r s t  cem ent t o  form . I t s  o r i g i n  can  be e x p la in e d  by a n a lo g y  
w ith  th e  a n h y d r i te  p r e s e n t ly  fo rm ing  from  i n t e r s t i t i a l  b r in e s  
in  a s i l i c i c l a s t i c  sabkha on th e  P e r s ia n  G u lf (de G ro o t, 1973). 
The second  g e n e ra t io n  o f  a n h y d r i te  p o s t - d a te s  th e  fo rm a tio n  o f  
q u a r tz  o v erg ro w th  and a u th ig e n ic  f e ld s p a r s  (s e e  p . 2 2 5 ).
HEMATITE:
The fo rm a tio n  o f  h e m a t i te  can  o ccu r th ro u g h  i n t e r -  
s t r a t a l  s o lu t io n  o r  a l t e r a t i o n  o f  F e - r ic h  c la y  m in e ra ls  
c au sed  by th e  c i r c u l a t i o n  o f  m e te o r ic  w a te rs  ( B l a t t ,  1979).
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CALCITE:
C a lc i t e  p ro b a b ly  was d e p o s ite d  from  s u p e r s a tu r a te d  
s o lu t io n s  s im u lta n e o u s ly  w ith  th e  a n h y d r i te .  M ost o f  t h i s  
c a l c i t e  p ro b a b ly  was c o n v e r te d  t o  d o lo m ite  d u r in g  l a t e r  
d ia g e n e s is .
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GLAUCONITES ;
G la u c o n ite s  a r e  th e  p ro d u c ts  o f  s u b -a q u a t ic  a l t e r a t i o n  
c a l l e d  h a lm y ro ly s is  by Hummel (1922, qu o ted  by M i l l o t ,  1970, 
p . 3 1 0 ). The p r in c i p a l  re q u ire m e n ts  a r e :  1) a  s u i t a b l e  su b ­
s t r a t e ,  2) slow  r a t e  o f  s e d im e n ta t io n , and 3) an abu n d an t 
su p p ly  o f  a v a i l a b l e  i r o n  (B ornhold  and G ir e s s e ,  1985). In  a 
few sa m p le s , some g la u c o n i te s  a r e  g l a u c o n i t i c  o o id s  w ith  
rem nan ts  o f  f e ld s p a r  c o re s  (F ig . 136) s u g g e s t in g  t h a t  g la u c o n i te s  
form ed, a t  l e a s t  in  p a r t ,  a s  a r e s u l t  o f  k - f e ld s p a r  r e p la c e m e n t.
The p ro c e s s  o f  g l a u c o n i t i z a t i o n  s t a r t s  w ith  th e  i r o n -  
r i c h  and p o ta ss iu m -p o o r  g l a u c o n i t i c  s m e c t i te  w hich i s  th e n  
m o d if ie d  by th e  in c o r p o r a t io n  o f  p o ta ss iu m  t o  form  g l a u c o n i t i c  
m ica (Odin and M a tte r ,  1981 ). As th e  d ia g e n e t i c  g ra d e  in c r e a s e s ,  
th e s e  g la u c o n i te s  lo s e  c o lo u r  and assume th e  ou tw ard  a p p e a ra n ce  
o f  m u sco v ite  (F ig . 137 ) (D a p p le s , 1959). O th er p o s t - d e p o s i t io n a l  
a l t e r a t i o n s  in c lu d e  th e  s u b s t i t u t i o n  o f  aluminum by i r o n ,  
o x id a t io n ,  and d o lo m i t i z a t io n .
A p lo t  o f  A I2 O2  v s .  FeO shows an in v e r s e  r e l a t i o n s h i p  
betw een th e  two o x id e s  ( F i g .1 3 8 ). The m ost l i k e l y  e x p la n a t io n  
i s  th e  s u b s t i t u t i o n  o f  alum inum  by i r o n .  However, i t  seem s t h a t  
t h i s  s u b s t i t u t i o n  s t a r t s  e a r l y  in  th e  p ro c e s s  o f  g l a u c o n i t i z a t i o n  
s in c e  b o th  H olocene a n d 'a n c ie n t  g la u c o n i te s  show th e  same 
r e l a t i o n  (s e e  B ornhold  and G i r e s s e ,  1985, F i g .9 ; B irc h  e t  a l . , 
1976, F i g .4 , and B erg-M adsen , 1983, F i g .9 ) .
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F ig . 136A -  P ho to m icro g rap h  o f  a g l a u c o n i t i c  s a n d s to n e  
show ing a g l a u c o n i t i c  o o id  w ith  a f e ld s p a r  g r a in  
c o r e .  N ote th e  g l a u c o n i t i z a t i o n  o f  th e  f e ld s p a r  
g r a in .  Mount Whyte F o rm atio n  (4-12-15-27W 4, 1 1 6 2 3 ^ ') 
P L ., 300X.
F ig . 136B -  P h o to m icro g rap h  show ing a n o th e r  exam ple o f 
g l a u c o n i t i c  o o id s  g row ing  around  and r e p la c in g  
d e t r i t a l  f e ld s p a r  g r a i n s .  Same sam ple a s  above 
NL,78X.
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F ig . 137A -  P h o to m icro g rap h  o f  a g l a u c o n i t i c  s a n d s to n e .
N ote th e  p re s e n c e  o f  ro u n d ed , d a rk  g re e n  g l a u c o n i t i c  
g r a in s  , and p a le  b ro w n ish  g re e n  m icaceous v a r i e t i e s .  
Mount Whyte F o rm atio n  (5-35-52-18W 5, 1 1 1 7 9 ') .  PL,
78X.
F ig . 137B -  Same sam ple a s  above . NL, 78X. N ote th e  l i g h t  
and d a rk  brown v a r i e t i e s  o f  g la u c o n i te .
2 6 0  -
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F ig . 138 -  S c a t t e r  p l o t  o f  FeO% v s .  A l2 0 _ o f  g la u c o n i te s  
from  th e  g lau co n y  f a c i e s  (F a c ie s  6 ) and th e  i ro n - fo r m a t io n  
f a c i e s  (F a c ie s  8 ) .
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B) CARBONATE DIAGENESIS:
A number o f  d ia g e n e t ic  f e a t u r e s  have  been o b se rv ed  in  
th e  c a rb o n a te  f a c i e s  ( F ig .  135), th e s e  a r e ;  d o lo m i t i z a t io n ,  
m o t t l in g ,  and c e m e n t a t i o n .  O th er d ia g e n e t i c  p r o d u c ts ,  
su ch  a s  le a c h in g  and a u th ig e n ic  c h e r t  and q u a r tz  w ere o b se rv e d  
in  v e ry  few p la c e s .  D ia g e n e s is  o f  th e  i ro n - fo r m a t io n  f a c i e s  
and g la u c o n i te s  a s s o c ia te d  w ith  c a rb o n a te s  ( e .g .  in  f a c i e s  9) 
a re  a l s o  d is c u s s e d  under t h i s  h e a d in g .
DOLOMITIZATION:
D o lo m it iz a tio n  i s  u b iq u ito u s  in  th e  Cam brian ro c k s  and 
th e  d i f f e r e n t  f a c i e s  were s u b je c te d  to  v a ry in g  d e g re e s  o f  
d o lo m i t i z a t io n .
M o tt le s  in  f a c i e s  1 may r e p r e s e n t  r e p la c e d  b u r r o w - f i l l s  (F ig s . 
3 4 .and 35 ). The b u r r o w - f i l l s  m ust have been r e l a t i v e l y  pe rm eab le  
to  a llo w  f o r  th e  p e n e t r a t io n  o f  th e  d o lo m it iz in g  f l u i d s .  M o ttl in g  
i s  a l s o  a s s o c ia te d  w ith  s t y l o l i t e s  (F ig .  36 ) . D olom ite rhombs 
may d e c re a s e  in  abundance away from  th e  s t y l o l i t e  s u r f a c e s .
D olom ite  form ed a lo n g  s t y l o l i t e s  i s  m o s tly  v e ry  sm a ll ( 6p m ), 
zoned and e u h e d ra l  c r y s t a l s .
S e l e c t iv e  d o lo m it iz a t io n  in  th e  o o l i t i c  g r a in s to n e  f a c i e s  
a l s o  g iv e s  th e  ro ck s  a m o t t le d  a p p e a ra n c e .
T h ree  form s o f  d o lo m ite  can  be se e n  in  th e  o o id s  o f  f a c i e s  3: 
sm a ll c r y s t a l s ,  a few m icrons in  s i z e ,  o f  c lo u d ed  d o lo m ite  w i th in  
th e  o o id s  (F ig . 41 ) ,  la r g e  c r y s t a l s  (up to  175pm) o f  c l e a r  
d o lo m ite  a t  th e  p e r ip h e ry  o f  th e  o o id s  (F ig . 41 ) ,  and e u h e d ra l
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c r y s t a l s  o f c lo u d e d -c e n tre d  and c le a r-r im m e d  d o lo m ite  (F ig .  40 ) . 
No m ajor d i f f e r e n c e s  in  th e  c h e m ica l c o m p o s itio n  o f  th e s e  
d o lo m ite s  (T ab le  10) have been  d e te c te d .
D olom ite may form  in  th e  m ix ing  zone ( F i g .135) w hich 
l i e s  betw een th e  sh a llo w  p h r e a t i c  ( f r e s h w a te r )  zone and th e  
d e e p -p h r e a t ic  ( s a l i n e  w a te r)  zone and i s  c h a r a c te r iz e d  by 
b ra c k is h  w a te r . M ixing o f  m arin e  s a l i n e  w a te r  w ith  f r e s h w a te r  
can form  s o lu t io n s  u n d e r s a tu ra te d  w ith  c a l c i t e  and o v e r s a tu ­
r a te d  w ith  d o lo m ite  (B ad io zam an i, 1973; Folk  and Land, 1974, 
Longman, 1980).
Some o f th e  magnesium needed f o r  th e  d o lo m i t iz a t io n  
can  be o f lo c a l  o r i g i n .  S i g n i f i c a n t  amounts o f  Mg^^ can  be 
r e le a s e d  d u r in g  p r e s s u r e  s o lu t io n  (W anless, 1979). S t y l o l i t e s  
p ro b ab ly  b eg in  in  se d im e n ts  w hich a r e  o n ly  l i g h t l y  cem ented 
and th e  r e l e a s e  o f CaCO^ d r iv e s  th e  c e m e n ta tio n  p ro c e s s  to  
co m p le tio n  ( B a th u r s t ,  1975, p . 4 7 0 ). I t  i s  p o s s ib le  t h a t  Mg^ **" 
i s  r e le a s e d  a t  th e  same tim e and mi'ved a lo n g  th e  s t y l o l i t e  
s u r f a c e s  to  form th e  d o lo m ite . T h is  d o lo m i t iz a t io n  g iv e s  th e  
ro ck s  t h e i r  m o ttle d  a p p e a ra n c e . However, d o lo m i t iz a t io n  due 
to  p r e s s u r e - s o lu t io n  was p ro b a b ly  o p e ra t iv e  o n ly  d u r in g  d e e p - 
b u r i a l .  P r e s s u r e - s o lu t io n  p ro b a b ly  becomes s i g n i f i c a n t  a t  
d e p th s  ex ceed in g  600m ( B a th u r s t ,  1975).
S tro n tiu m  and sodium  c o m p o s itio n s  in  th e  Cam brian
d o lo m ite s  a re  v e ry  low com pared to  H olocene d o lo m ite s .  Low 
? +  +
S r“ and Na c o n c e n tra t io n s ',  a r e  v e ry  common in  a n c ie n t  d o lo m ite s ,
e .g .  th e  S te .  G enevieve d o lo m ite s  (M is s is s ip p ia n )  o f  th e
I l l i n o i s  B a s in , th e  Hanson C reek  Form ation  ( O r d o v ic ia n - S i lu r ia n )
o f c e n t r a l  Ne\iada, th e  M iddle S i l u r i a n  N iag ara  r e e f s  o f  N o rth e rn
M ichigan and S eroe  Domi F o rm ation  (P lio c e n e )  o f  B o n a ire .
2 + +D e p le tio n  o f  Sr and Na in  th e s e  exam ples h as  been i n t e r p r e t e d
- 267 -
to  be th e  r e s u l t  o f  f r e s h w a te r  d ia g e n e s is  in  th e  m ix ing  zone 
(C h o q u e tte  and S te in e n ,  1980; S e a rs  and L u c ia , 1980; S ib le y ,  
1980).
The p re se n c e  o f  c h e r t  and a u th ig e n ic  q u a r tz  s u g g e s ts  
h y p e r s a l in e  c o n d i t io n s  d u r in g  th e  fo rm a tio n  o f  th e s e  d o lo m ite s  
(F riedm an , 1980), M uir e t  a l . (1980) p o in te d  o u t t h a t  th e  
la c k  o f  e v a p o r i te  m in e ra ls  in  an a n c ie n t  c a rb o n a te  does n o t  
d e m o n s tra te  t h a t  b r in e s  w ere n ev e r  p r e s e n t ;  th e y  found  t h a t  
in  th e  R ecen t Coorong Lagoon o f  S ou th  A u s t r a l ia  m inor am ounts 
o f  e v a p o r i te  m in e ra ls  w ere p r e c i p i t a t e d  in  th e  d ry  se a so n  o n ly  
to  be r e d is s o lv e d  by f re s h w a te r  r e f l u x  in  w et s e a s o n , A 
s im i la r  p ro c e s s  i s  e v isa g e d  d u r in g  th e  d o lo m i t iz a t io n  o f  th e  
Cam brian c a rb o n a te s  in  th e  s u b s u r f a c e .
To sum m arize, d o lo m i t iz a t io n  o f  th e  Cam brian c a rb o n a te  
se d im e n ts  was acco m p lish ed  by a s e r i e s  o f  p r o c e s s e s ,  e v a p o ra ­
t i o n  o f  m arine  p o re -w a te rs  le a d s  to  h y p e r s a l in e  c o n d i t io n s .  
D uring t h i s  s ta g e  p r e c i p i t a t i o n  o f  c h e r t  and a u th ig e n ic  q u a r tz  
may have ta k e n  p la c e ;  how ever, an i n f lu x  o f  f r e s h w a te r  may 
have removed m ost o f  th e s e  a v a p o r i t i c  m in e ra ls  from  th e  
se d im e n ts  a lo n g  w i th  S r"  and Na . M ixing o f  f r e s h w a te r  
and m arine  w a te r  r e s u l t e d  in  th e  d o lo m i t iz a t io n  o f  th e  c a rb o ­
n a te s .  S t y l o l i t i z a t i o n  a l s o  cau sed  th e  d o lo m i t iz a t io n  o f  
th e  ro c k s  in  a r e a s  a d ja c e n t  to  th e  s t y l o l i t e  s u r f a c e s .
The c lo u d ed  f in e - g r a in e d  d o lo m ite  i s  i n t e r p r e t e d  to  
have form ed e a r l y  in  th e  d o lo m i t iz a t io n  p ro ce ss .. A t p r o g r e s ­
s iv e  more red u ced  s a l i n i t i e s ,  lim p id  d o lo m ite  a round  th e
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p e r ip h e ry  o f th e  o o id s  was form ed. C lo u d y -c e n te re d  c l e a r -  
rimmed d o lo m ite  form s in  se d im e n ts  t h a t  c o n ta in e d  low-Mg 
c a l c i t e  p r io r  to  d o lo m i t iz a t io n  ( S ib le y ,  1982). The c lo u d ed  
c e n t r e s  a re  th e  r e s u l t  o f  in c lu s io n s  o f low-Mg c a l c i t e  
(w hich i s  l e s s  s u s c e p t ib l e  to  d o lo m i t iz a t io n  th a n  a r a g o n i te  
o r h ig h -M g -c a lc i te )  in  th e  d o lo m ite  rhombs. A l im i te d  
number o f  m icrop ro be  a n a ly s e s  on c lo u d e d -c e n tre d  c l e a r -  
rimmed d o lo m ite  rhombs (T a b le  10) s u g g e s t  t h a t  th e  c lo u d ed  
c e n t r e s  a re  s l i g h t l y  more c a l c i c  th a n  th e  c l e a r  r im s . I t  
i s  a l s o  p o s s ib le  t h a t  th e  co n fin e m e n t o f d o lo m ite  t o  w i th in  
c e r t a i n  lam inae  in  some o o id s  and s e l e c t i v e  d o lo m i t iz a t io n  
o f o o id s  were cau sed  by d i f f e r e n c e s  in  c o m p o s itio n  betw een  
o o id s  and betw een th e  d i f f e r e n t  lam inae  w ith in  th e  o o id s ,  
e .g .  a r a g o n i te  and M g -c a lc i te  ( s u s c e p t ib l e  to  d o lo m i t iz a ­
t i o n ,  o r  low-Mg c a l c i t e  ( r e s i s t a n t  to  d o lo m i t i z a t io n ) .
D olom ite in  th e  c a rb o n a te  f a c i e s  i s  poor in  FeO (0.00% - 
2 .5 2% )  and MnO (0.0096-0. 59?o) com pared to  th e  d o lo m ite  cem ent 
in  th e  c l a s t i c  f a c i e s  and i ro n - fo r m a t io n  f a c i e s .  The low 
Fe and Mn c o n c e n t r a t io n s  in  th e s e  d o lo m ite s  s u g g e s t  t h a t  th e y  
v;ere form ed u nder o x id iz in g  c o n d i t io n s  where d is s o lv e d  reduced  
iro n  was n o t a v a i l a b l e  f o r  in c o r p o r a t io n  in to  th e  d o lo m ite s . 
Low Fe and Mn c o n te n ts  can  a l s o  be e x p la in e d  by a low sed im en­
t a t i o n  r a t e  o f d e t r i t a l  m in e ra l  c o n te n t .  The l a t t e r  p o s s ib i ­
l i t y  i s  p r e f e r r e d  b e c au se  i t  r e a d i ly  e x p la in s  th e  d i f f e r e n c e s  
betw een d o lo m ite s  in  th e  c l a s t i c  and c a rb o n a te  f a c i e s .
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SADDLE DOLOMITE:
S ad d le  d o lo m ite  o c c u rs  a s  b u r r o w - f i l l  and p o r e - f i l l i n g .  
S ad d le  d o lo m ite  i s  b e l ie v e d  to  be th e  l a t e s t  cem ent t o  form  
d u r in g  b u r i a l  d ia g e n e s is  a s  d is c u s s e d  under c l a s t i c  d i a g e n e s i s .
CALCITE CEMENTS:
The m ost common d i a g e n e t i c  f e a tu r e  o f  f a c i e s  3 i s  
c a l c i t e  c e m e n ta tio n . T hree  ty p e s  o f  c a l c i t e  cem ent have  been  
o b se rv e d : a f ib r o u s  c a l c i t e  cem ent c o n s i s t in g  o f  e lo n g a te d
c r y s t a l s  (F ig . 42B) grow ing norm al to  th e  o o id s .  T h is  cem ent 
i s  c o n s id e re d  h e r e in  t o  be th e  f i r s t  t o  form  in  th e  m arin e  
p h r e a t i c  zone (Longman, 1 980 ). A second  g e n e ra t io n  o f  
e q u ig r a n u la r  c a l c i t e  cem ent f i l l s  th e  rem a in d e r o f  th e  p o re -  
space . T h i s  c e m e n t  i s  b e l i e v e d  t o  f o rm  I n  t h e .  f r e s h -  - 
w a te r - p h r e a t i c  zone ( i b i d . ) .  The t h i r d  k in d  o f  cem ent i s  th e  
s y n ta x ia l  rim s around  th e  ech inoderm  f ra g m e n ts . T h is  cem ent 
form s in  th e  f r e s h w a te r - p h r e a t i c  zone (Longman, 1980) and i s  
one o f  th e  e a r l i e s t  cem ents to  form .
M icroprobe a n a ly s e s  (T ab le  11) show no m ajo r d i f f e r e n c e s  
in  th e  c o m p o s itio n  betw een  th e  d i f f e r e n t  ty p e s  o f  cem e n ts .
S p a rry  c a l c i t e  o c c u rs  in  d i s t i n c t  lam in ae  a l t e r n a t i n g  
w ith  m i c r i t i c  ones (F ig . 139 ) in  f a c i e s  4 . T hese lam in a e  may 
r e p r e s e n t  d e s ic c a t io n  c ra c k s  t h a t  w ere l a t e r  f i l l e d  w ith  c a l c i t e .  
The f r e s h w a te r  p h r e a t i c  zone i s  th e  m ost l i k e l y  en v iro n m en t 
f o r  th e  p r e c i p i t a t i o n  o f  s p a r r y  c a l c i t e .  T h is  zone i s  u n d e r­
s a tu r a te d  w ith  r e s p e c t  t o  a r a g o n i te  and M g -c a lc i te ,  th u s  c a u s in g
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F ig . 139 -  P h o to m icro g rap h  show ing a l t e r n a t i n g  lam in ae  o f
m udstone and s p a r r y  c a l c i t e .  The l a t t e r  may r e p r e s e n t  
d e s ic c a t io n  c ra c k s  t h a t  w ere l a t e r  f i l l e d  w ith  c a l c i t e ,  
N ote th e  c l e a r  d o lo m ite  rhombs a lo n g  th e  w a l ls  o f  th e  
c r a c k s .  D olom ite  p ro b a b ly  p r e - d a te s  th e  c a l c i t e .
Upper Lynx U n it (10-31-54-12W 5, 1 0 2 2 7 ') .  NL, 31X.
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s o lu t io n  o f  th e s e  two m in e ra ls  and p r e c i p i t a t i o n  o f  c a l c i t e  
(Longman, 1980). The Mg^^ r e le a s e d  d u r in g  t h a t  p ro c e s s  may 
have been  used  to  form  th e  d o lo m ite  c r y s t a l s  a s s o c ia te d  w ith  
th e  s p a r r y  c a l c i t e  (F ig . 1 3 9 ). The low FeO and MhO c o n te n t  
o f  th e s e  c a l c i t e s  s u g g e s t  t h a t  th e y  were form ed in  an o x i d i ­
z in g  e n v iro n m en t.
GLAUCONITIC DOLOMITES;
G la u c o n i t ic  g r a in s  w i th in  th e  c a rb o n a te  f a c i e s  a r e  o f te n  
c ra c k e d  and re p la c e d  by d o lo m ite  (F ig . 9 8 ) . A few g la u c o n i te  
g r a in s  in  t h i s  f a c i e s  have  v e ry  t h in  c o a t in g s  o f  g la u c o n i te  
o f  a d i f f e r e n t  c o lo u r  th a n  th e  g r a i n .  The groundm ass i s  
u su a lly  composed o f  c r y s t a l l i n e  d o lo m ite . F ig u re  140 shows a 
good exam ple o f  a g la u c o n i te  g r a in  w ith  a t h i n  c o a t in g  in  a 
groundm ass o f  d o lo m ite . SEM a n a ly s i s  on d i f f e r e n t  p a r t s  o f  
t h i s  sam ple i s  sho\m  in  F ig u re  142. The a n a ly s e s  show t h a t  
a l l  th r e e  m in e ra ls ,  i . e .  g r a i n ,  c o a t in g ,  and g roundm ass, have 
c o m p o s itio n s  s im i la r  to  g la u c o n i te .  The g la u c o n i te  
g r a in s  have l e s s e r  c o n c e n t r a t io n s  o f  A l, Ca, Mg, and S i th a n  
th e  c o a t in g  and g roundm ass. T hese , low v a lu e s  may be due 
to  th e  po ro u s t e x t u r e  o f  th e  g l a u c o n i t i c  g r a in s  a f f e c t i n g  
th e  x - r a y  r e a d in g s .  I t  i s  p o s s ib le  t h a t  th e  c r y s t a l l i n e  
groundm ass in  F ig u re  140 r e p r e s e n t s  p o r e - f i l l i n g  g l a u c o n i t i c
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m olds betw een d o lo m ite  rhom bs. A nother rhom bic d o lo m ite  
(? )  c r y s t a l  in  th e  g lau co n y  f a c i e s  (F ig . 141) a ls o  gave 
a g l a u c o n i t i c  co m p o s itio n  w ith  EDAX. These two exam p les , 
from  two d i f f e r e n t  f a c i e s ,  s u g g e s t  t h a t  th e  phenomena o f  
g la u c o n i te  pseudom orphism  a f t e r  d o lo m ite  i s  common in  th e  
Cam brian ro ck s  in  A lb e r ta .
B h a tta c h a ry y a  e t  a l .  (1986) d e s c r ib e d  d o lo m itiz e d  
g la u c o n i te  g ra n u le s  from  P r o te r o z o ic  s t r a t a  o f  c e n t r a l  
In d ia  w hich b e a r  some s i m i l a r i t i e s  to  th e s e  g l a u c o n i te s ,  
a l th o u g h th e  g la u c o n i te s  th e y  d e s c r ib e d  were more p e rv a s iv e ­
ly  d o lo m itiz e d . However, th e s e  a u th o r s  d id  n o t e la b o r a te  
on th e  mechanism o f d o lo m i t i z a t io n  o f  th e  g ra n u le s  th e y  
d e s c r ib e d .
The o r ig in  o f  th e  phenomenon d e s c r ib e d  h e r e in  i s  
d i f f i c u l t  to  e x p la in  b e c au se  o f  th e  l im ite d  d a ta .  One 
p o s s ib le  e x p la n a tio n  i s  t h a t  th e  whole ro ck  was o r i g i n a l l y  
a g la u c o n i t i c  s h a le  t h a t  was s u b s e q u e n tly  d o lo m itiz e d .
S w ett (1 9 6 8 ), in  a s tu d y  o f  th e  Lower Cam brian "F uco id  Beds" 
o f  n o r th w e s t S c o tla n d , h y p o th e s iz e d  t h a t  th e  p re s e n c e  o f  
i l l i t e  in  l im e s to n e s  o v e r ly in g  th e s e  beds fa v o re d  d o lo m i t i ­
z a t io n ,  and t h a t  i l l i t i c  c la y s  in  th e s e  l im e s to n e s  had se rv e d  
a s  n u c lé a t io n  c e n t r e s  f o r  d o lo m i t i z a t io n .  A s im i la r  p ro c e s s  
can  be en v isa g e d  f o r  th e  g l a u c o n i t i c  d o lo m ite s  under s tu d y ;
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g la u c o n i t i c  ( i l l i t i c )  c la y s  p ro b a b ly  a c te d  a s  c e n t r e s  f o r  
d o lo m i t i z a t io n ,  and a s  d o lo m i t i z a t io n  p ro g re s s e d , th e  
u n d o lo m itiz e d  c la y s  w ere sq u eezed  and molded in to  th e  
o b se rv e d  p s e u d o - c r y s t a l l in e  fo rm s.
IRON FORMATION:
D ia g e n e tic  cem ents in  t h i s  f a c i e s  a r e  m ain ly  s y n ta x i a l  
cem ent r e p la c in g  ech inoderm  f ra g m e n ts , f ib r o u s  cem ents around  
b rac h io p o d  fra g m en ts  and w i th in  f e r r u g in o u s  o o id s ,  and 
h e m a t i te .  The f i r s t  two cem en ts p ro b a b ly  form ed in  th e  f r e s h ­
w a te r  p h r e a t i c  zone (Longman, 1980).
The g l a u c o n i t i c - c a lc a r e o u s - f e r r u g in o u s  o o id s  (F ig . 90) 
may r e f l e c t  a sequence  o f  d i a g e n e t i c  p ro c e s s e s  r a t h e r  th a n  
s h u f f l in g  betw een  d i f f e r e n t  d e p o s i t io n a l  e n v iro n m e n ts . F ig u re  
143 shows th e  p o s s ib le  d i a g e n e t i c  s te p s  w hich le d  t o  th e  
fo rm a tio n  o f  su ch  o o id s .  The f i l l i n g  o f  p e r f o r a t io n s  in  th e  
ech inoderm  fra g m en ts  p ro b a b ly  o c c u rre d  s im u lta n e o u s ly  in  th e  
vadose zone.
The whole ro c k  'wn-s s u b je c te d  to  d o lo m i t i z a t io n .  M icro ­
p robe a n a ly s e s  show t h a t  th e  f ib r o u s  cem ents and th e  s y n ta x i a l  
rim s a r e  f e r r o a n  d o lo m ite s , a s  w e ll  a s  some o f  th e  re d  i r o n  
g r a i n s .  The MnO c o n te n t  o f  th e s e  d o lo m ite s  v a r i e s  betw een  
0.06% and 2.03% (T ab le  13 ) .  The in c o r p o r a t io n  o f  Fe and Mn
1
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F ig . 140A -  SEM p h o to g ra p h  o f  a g l a u c o n i t i c  d o lo m ite .
N ote t J ^ t  th e  c o a t in g  around  th e  g la u c o n i te  g r a in  
and th e  c r y s t a l l i n e  m a te r i a l  a s s o c ia te d  w ith  i t .  EDAX 
a n a ly s e s  (F ig . 142) show t h a t  th e  g r a in ,  th e  c o a t in g ,  
and th e  c r y s t a l s  a r e  a l l  g l a u c o n i t i c  in  c o m p o s itio n . 
S tep h en  F o rm atio n  (1 2 -3 5 -5 9 -15W5, 10928"). B ar i s  
100 aim.
F ig . 140B -  M icro p h o to g rap h  o f  th e  same sam ple a s  ab o v e , 
NL, 78X.
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F ig . 141 -  SEM p h o to g ra p h  o f  a g l a u c o n i t i c  g r a i n .  The 
rhom bic c r y s t a l  a t t a c h e d  to  th e  bo ttom  p a r t  o f 
th e  g r a in  a l s o  gave a g l a u c o n i t i c  c o m p o s itio n . 
Sakwatamau Member ( 1-34-57-22W 4, 6874 ') .  B ar i s  
10 Aim.
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hematite
calcite
hematite
dolomite
Formation of glauconite ooid
burial
oxidation of glauconite and 
release of iron in the vadose 
zone
rising of water table
V
formation of fibrous calcite 
in the freshwater phreatic 
zone
lowering of water table
formation of thin hematite film 
in the vadose zone
rising of water table
formation of another coat of 
fibrous calcite in the fresh­
water phreatic zone
rising of water table
dolomitization of the whole rock 
in the mixing zone
F ig . 143 -  A sc h e m a tic  d iag ram  d e p ic t in g  th e  s te p  t h a t  le d  
to  th e  fo rm a tio n  o f  th e  g l a u c o n i t i c - c a lc a r e o u s - f e r r u g in o u s  
o o id s  in  th e  i ro n - fo r m a t io n  f a c i e s  ( t h i s  o o id  i s  sho\m  in  
F ig .  90) .
282 -
in  th e  s t r u c t u r e  o f  d o lo m ite  r e q u i r e s  th e  s u p p ly  o f  th e s e  
two e le m e n ts  u n d er re d u c in g  c o n d i t io n s .  T hese c o n d i t io n s  
may e x i s t  in  th e  m a r in e - p h r e a t ic  and m ixing  z o n e s . Fe 
may have been  s u p p lie d  by th e  o x id a t io n  o f  g l a u c o n i t e s .  
T here  i s  a p r o p o r t io n a l  r e l a t i o n s h i p  betw een A l20g and FeO 
in  th e  g la u c o n i te s  o f  th e  i r o n  fo rm a tio n  f a c i e s  (F ig . 138), 
T h is  i s  c o n tr a r y  t o  th e  r e l a t i o n  betw een th e  two o x id e s  in  
th e  g la u c o n i te s  o f  th e  g lau c o n y  f a c i e s  (F ig . 1 3 8 ). The 
m ost l i k e l y  e x p la n a t io n  f o r  t h i s  r e l a t i o n  i s  th e  o x id a t io n  
o f  g la u c o n i te s  and th e  r e l e a s e  o f  i r o n .
H igh-Ca g la u c o n i te s  and h ig h -C a  re d  i ro n  g r a in s  and 
c o a t in g s  (T ab le  13) a r e  p ro b a b ly  g la u c o n i t iz e d  p h o s p h a tic  
fra g m en ts  and c o a t in g s .
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SUMMARY A.\TD CONCLUSIONS :
D e p o s itio n  in  E a r ly  Cam brian was r e s t r i c t e d  to  th e  
C o r d i l l e r a n  g e o s y n c lin e  ro u g h ly  c o in c id e n t  w i t h  th e  p r e s e n t -  
day Rocky M oun ta ins.
At th e  b e g in n in g  o f  th e  M iddle Cam brian, an e p e i r i c  
sea  t r a n s g re s s e d  e a s tw a rd  o v e r th e  P recam brian  s u r f a c e  and 
rew orked th e  se d im e n ts  t h a t  w ere p r e s e n t  on t h a t  s u r f a c e .
The m a t u r i t y  o f  th e  sands and i n h e r i t e d  q u a r t z  o v e rg ro w th s  
su g g e s t d e r iv a t io n  from p r e - e x i s t i n g  se d im e n ts . The d e p o s i-  
t i o n a l  env ironm en t was p ro b a b ly  dom inated  by s u b t i d a l  sand  
b a r s .  At th a t  t im e , th e  r e g io n  was la c k in g  any m ajo r t e c t o n ic  
a c t i v i t y  a lth o u g h  th e  Peace R iv e r  A rch , th e  bw eet G ra ss  A rch , 
and th e  West A lb e r ta -R id g e  w ere p ro b a b ly  p o s i t i v e  f e a t u r e s .  
H o w e v e r , t h e y  m u s t  h a v e  b e e n  of v e ry  low r e l i e f  b e c au se  
th ey  d id  n o t su p p ly  e l a s t i c s  to  th e  b a s in .
The p a leo g eo g rap h y  d u r in g  th e  Cambrian can  be d e s c r ib e d  
a s  fo llo w s  ( F i g .  144) ;  1) th e  W est A lb e r ta  R idge s e p a r a te d  an
open b a s in  to  th e  w est from  a s h e lf - la g o o n  to  th e  e a s t ,  2) th e  
K ick ing -H orse  Rim (A itk e n , 1971) dev e lo p ed  on th e  W est A lb e r ta  
R idge, 3) a b road  s h e lf - la g o o n  betw een the  rim  and th e  C anad ian  
S h ie ld  to  th e  e a s t ,  4) th e  P eace R iv e r  Arch to  th e  n o r th ,  b o r ­
de red  on th e  s o u th  by a s h o a l a r e a ,  and 5) th e  Sw eet G ra ss  Arch
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F ig . 144 -  A b lo c k -d ia g ra m  show ing th e  m ain p a le o g e o g ra p h ic  
e le m e n ts  d u r in g  th e  Cam brian Time in  w e s te rn  C a n a d a ,(n o t to  
s c a l e ) .
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in  th e  s o u th , b o rd e re d  on th e  n o r th  by a s h o a l a r e a .  T hese 
f e a t u r e s  a r e  r e f l e c t e d  in  th e  iso p a c h s  o f  th e  B a sa l S an d sto n e  
U n it (F ig . 8) and c o n t r o l l e d  th e  f a c i e s  and th ic k n e s s e s  o f  
se d im e n ts  th ro u g h o u t th e  Cam brian System .
Tlie advance  o f  th e  s e a  c o n tin u e d  e a s tw a rd s  o v e r  A lb e r ta  
and i n to  S ask a tchew an . The Mount Whyte g l a u c o n i t i c  sa n d s  w ere 
d e p o s ite d  d u r in g  p e r io d s  o f  s lo w  d e p o s it io n . .  S to rm s w e re  v e ry  
comm on a n d  b ro u g h t i n to  th e  b a s in  a m ix tu re  o f  s e d im e n ts  
from  d i f f e r e n t  s o u rc e s  and a w ide ran g e  o f s i z e s  and s o r t i n g .
Sands w ere p ro b a b ly  d e r iv e d  from  g r a n i t i c  so u rc e  r o c k s .  The 
Mount Whyte sands can  be d e s c r ib e d  a s  q u a r t z a r e n i t e s , f e l d s p a t h i c - ,  
and a r k o s ic  a r e n i t e s  and w ackes. O c c a s io n a lly , p h o s p h a tic  f o s s i l  
fra g m en ts  and p h o s p h a tic  and c a lc a re o u s  o o id s  w ere b ro u g h t i n to  
th e  b a s in  from  s h e l f  a r e a s  (p ro b a b ly  d u r in g  s m a l l - s c a le  r e g r e s ­
s io n s ) .  O x id a tio n  and c e m e n ta tio n  o f  th e s e  ro c k s  le d  t o  th e  
fo rm a tio n  o f  i r o n - f o r m a t io n s .  O x id a tio n  o f  g la u c o n i te s  was 
p ro b a b ly  th e  m ain so u rc e  f o r  i r o n .
The slow  r i s i n g  o f  th e  W est A lb e r ta  R id g e , p ro b a b ly  accom­
p a n ie d  by th e  i n i t i a t i o n  o f  th e  K ick in g  H orse Rim, r e s u l t e d  in  
th e  r e s t r i c t i o n  o f  th e  b a s in  t o  some e x te n t  le a d in g  t o  th e  d e p o s i­
t i o n  o f  th e  C a th e d ra l  c a rb o n a te s .  These c a rb o n a te s  w ere d e p o s i­
te d  in  i n t e r t i d a l  and s u b t i d a l  e n v iro n m en ts .
At th e  b e g in n in g  o f  th e  S tep h en  t im e , th e  K ic k in g  H orse 
Rim \iras subdued , t h e r e f o r e  a llo w in g  th e  advance o f  th e  s e a  from  
th e  w est and th e  r e t u r n  o f  o p en -m arin e  c o n d i t io n s .  G la u c o n i t ic
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s a n d s to n e s  and s h a le s  w ere d e p o s i t e d . in  th e  b a s in .  In  th e  
s h o a l a re a  s o u th  o f  th e  Peace R iv e r  A rch , re d  s h a le s  and 
mud c ra c k s  s u g g e s t  e x p o su re . L iv in g  c o n d i t io n s  w ere f a v o r a b le  
f o r  th e  t r i l o b i t e s ,  a lth o u g h  poor p r e s e r v a t io n  c o n d i t io n s  may 
have c o n tr ib u te d  t o  t h e i r  s c a r c i t y  a s  f o s s i l s .
The Eldon en v iro n m en ts  w ere more d i v e r s i f i e d  th a n  in  
p re v io u s  t im e s . A second movement on th e  W est A lb e r ta  R idge 
r e s u l t e d  in  a p a r t i a l  r e s t r i c t i o n  o f  th e  b a s in  and d e p o s i t io n  
o f  th e  Eldon c a rb o n a te s .  However, th e  t r a n s i t i o n  from  c l a s t i c  
to  c a rb o n a te  d e p o s i t io n  was g ra d u a l  in  p la c e s .  In  th e  mean­
tim e , c l a s t i c  d e p o s i t io n  c o n tin u e d  t o  th e  e a s t  w i th  th e  form a­
t io n  o f  g la u c o n i t i c  s a n d s to n e s  and s h a le s  o f  th e  E a r l i e  F o rm atio n , 
and th e  Crow In d ia n  F orm ation  to  th e  s o u th e a s t .
The slow  r i s i n g  o f th e  Peace R iv e r  Arch r e s u l t e d  in  th e  
fo rm a tio n  o f q u a r tz -s a n d  f l a t s  t h a t  w ere s u b je c te d  t o  e o l i a n  
a c t io n  and th e  fo rm a tio n  o f  sand d u n e s . These dunes e v e n tu a l ly  
s p i l l e d  in to  th e  se a  a s  th e y  w ere moved by w inds in  a  manner 
s im i la r  to  t h a t  d e s c r ib e d  by S h inn  (1973) in  th e  P e r s ia n  G u lf . 
These sands were rew orked by wave and t i d a l  c u r r e n t s  and shaped 
in to  a d e l t a  s im i la r  t o  th e  p r e s e n t -d a y  N ig er D e lta  (b u t  on a 
much s m a lle r  s c a le )  (F ig s . 86 to  88) composed o f  a  c o a s t a l  
b a r r i e r ,  a d e l t 'a - f r o n t  p la t fo rm , and a p r o d e l t a .  When th e  sand 
su p p ly  d im in ish e d , d e p o s i t io n  o f  th e  c a rb o n a te s  and q u a r t z a r e n i t e s  
o f  th e  upper p a r t  o f  th e  Sakvratamau Member to o k  p la c e  in  i n t e r ­
t i d a l  en v iro n m en ts . The E ldon tim e  ended w ith  th e  fo rm a tio n  o f  
a s m a l l - s c a le  g rand  c y c le .
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The P ik a  F o rm atio n  r e p r e s e n t s  a co m p le te  g ra n d  c y c le  
w ith  a low er s h a ly  h a l f - c y c l e  and an upper c a rb o n a te  h a l f ­
c y c le .  However, th e  c a rb o n a te  h a l f - c y c l e  i s  a b s e n t  in  th e  
s h o a l a r e a  s o u th  o f  th e  P eace  R iv e r  A rch , p ro b a b ly  due t o  th e  
c o n tin u o u s  su p p ly  o f  f i n e  t e r r ig e n o u s  se d im e n ts  from  th e  A rch .
The A rctom ys-W aterfow l g ran d  c y c le  i s  r e s t r i c t e d  to  
th e  same s h o a l a r e a .  T h is  g ran d  c y c le  g ra d e s  e a s tw a rd s  i n to  
th e  b a s in a l  low er p a r t  o f  th e  Deadwood F o rm a tio n . The A rc to ­
mys W aterfow l g ran d  c y c le  r e f l e c t s  h ig h  en e rg y  en v iro n m en ts  
ra n g in g  from  sh a llo w  s u b t i d a l  t o  s u p r a t i d a l .  L i t h o l o g i c a l l y , 
t h i s  g ran d  c y c le  i s  d i f f e r e n t  from  th e  p re v io u s  ones in  th e  
abundance o f  c r y p ta lg a la m in a te s  and f l a t - p e b b le  c o n g lo m e ra te s , 
and th e  p re s e n c e  o f  a  few bed s o f  ru d s to n e  and c ry p ta lg a la m in a te  
b r e c c ia .  O pen-m arine c o n d i t io n s  r e tu r n e d  d u r in g  th e  S u l l i v a n /  
Deadwood w ith  th e  d e p o s i t io n  o f  g l a u c o n i t i c  s a n d s to n e s  and 
s h a le s .  F re q u e n t s to rm s  t r a n s p o r t e d  f l a t - p e b b le s  from  s u p ra ­
t i d a l  e n v iro n m en ts  t o  th e  s u b t i d a l  zone . T hese s to rm s  a l s o  
r e s u l t e d  in  th e  fo rm a tio n  o f  c o q u in o id a l  l im e s to n e  b e d s . Depo­
s i t i o n  o f  c ry p ta lg a la m in a te s  in  c h a n n e ls  i s  e v id e n t  in  p la c e s .
The d e p o s i t io n  o f  th e  Upper Lynx c a rb o n a te s  was r e s t r i c ­
te d  to  th e  s h o a l a r e a  s o u th  o f  th e  Peace R iv e r  A rch . D e p o s i t io n  
in  t h a t  a r e a  was dom inated  by m o tt le d  d o lo m it ic  l im e s to n e s ,  
o o l i t i c  g r a in s to n e s ,  p i s o l i t i c  ru d s to n e s ,  a lg a la m in a te d  se d im e n ts  
( s t r o m a t o l i t e s ? ) ,  c r y p ta lg a la m in a te s ,  and few f l a t - p e b b l e  
co n g lo m e ra te  i n t e r v a l s .  M eanw hile to  th e  e a s t ,  d e p o s i t io n  was 
dom inated  by th e  u p p er Deadwood g l a u c o n i t i c  s a n d s , s h a l e s ,  c a rb o ­
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n a te s ,  and f l a t - p e b b le  c o n g lo m e ra te s .
At th e  end o f  th e  C am brian t im e , th e  r i s e  o f  th e  Peace 
R iv e r  A rch and th e  a re a  o f  th e  L e s s e r  S lav e  Lake in  g e n e ra l  
r e s u l t e d  in  th e  e r o s io n  o f  a  p a r t  o f  th e  Cam brian s e c t i o n .  
A nother e p is o d e  o f  e r o s io n ,  p ro b a b ly  o f  g r e a t e r  m ag n itu d e , 
to o k  p la c e  in  p re -D ev o n ian  t im e . The l a t t e r  was a s s o c ia te d  
w ith  th e  r i s e  o f  th e  Peace R iv e r  A rch and th e  in c e p t io n  o f  
th e  E lk  P o in t  b a s in .  Pugh (1971) e s t im a te d  t h a t  up to  1000 
f e e t  o f  Cam brian s e c t io n  h a s  b een  removed by e ro s io n  in  p la c e s .
The K ick in g  H orse Rim was a m ajo r f a c t o r  in  c o n t r o l l i n g  
th e  ty p e  o f  s e d im e n ts  in  th e  e p e i r i c  s e a  a s  p o s tu la te d  by 
A itk en  (1 9 7 1 ). When th e  r im  was w e ll  d e v e lo p e d , c i r c u l a t i o n  
in  th e  e p e i r i c  s e a  was r e s t r i c t e d ,  and th e  s h o a l  a r e a s  w ere 
dom inated  by c a rb o n a te  d e p o s i t io n .  When th e  r im  was d is c o n ­
t in u o u s  and subdued , c l a s t i c  d e p o s i t io n  p r e v a i le d .  However, 
in  th e  v i c i n i t y  o f  th e  P eace R iv e r  Arch d e p o s i t io n  was a l s o  
a f f e c te d  by movements on th e  a rc h  and th e  s u p p ly  o f  t e r r i g e ­
nous s e d im e n ts . The b e h a v io u r  o f  th e  K ick in g  H orse Rim, a s  
deduced from  th e  iso p a c h  maps and f a c i e s  r e l a t i o n s h i p s  can  be 
e x p la in e d  by e i t h e r  movements on th e  W est A lb e r ta  R idge o r  
changes in  th e  s e a - l e v e l .  The s u c c e s s io n  o f  f a c i e s  in  a g ra n d -  
c y c le  h a s  o f te n  been  a t t r i b u t e d  t o  changes in  th e  r a t e  o f  s e a -  
l e v e l  r i s e  a n d /o r  d i f f e r e n t i a l  r a t e s  o f  b a s in  su b s id e n c e  
(A itk e n , 1978, 1981; Palm er and H a ile y , 1979; Mount and Rowland, 
1981; Chow and Jam es, 1984). The Cam brian s e c t io n  in  th e  w est 
can  be se e n  a s  a s e r i e s  o f  s ta c k e d  g ran d  c y c le s  t h a t  show a 
g e n e ra l  sh a llo w in g -u p w a rd  se q u e n c e , accom panied by an  upward
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in c r e a s e  in  e n e rg y . However, c y c l i c i t y  i s  l e s s  v i s i b l e  in  
th e  e a s te r n  s e c t io n s  and d ia  11owing upward f e a t u r e s  a r e  n o t  
d e te c ta b l e .
Most o f  th e  p o s t - d e p o s i t io n a l  d ia g e n e t ic  e v e n t s ■o c c u rre d  
v e ry  e a r ly  d u r in g  th e  b u r i a l  h i s t o r y  o f  th e  Cam brian s e d im e n ts . 
A r e g io n a l  m e te o r ic  sy stem  was a l s o  e s ta b l i s h e d  and i n t e r a c t e d  
w ith  s e a  w a te r  to  p roduce  m ost o f  th e  d ia g e n e t ic  f e a t u r e s  in  
th e s e  se d im e n ts .
Both c l a s t i c  and c a rb o n a te  ro c k s  w ere s u b je c te d  t o  th e  
same d ia g e n e t i c  and b u r i a l  h i s t o r i e s .  However, th e  d i f f e r e n c e s  
in  th e  d ia g e n e t i c  p ro d u c ts  w ere cau sed  by th e  m in e r a lo g ic a l  
c o m p o s itio n  o f th e  ro c k s .
The p a ra g e n e t ic  seq u en ce  o f  d ia g e n e t ic  p ro d u c ts  h a s  been 
e s ta b l is h e d  a s ;  1) a n h y d r i t e ,  2) c a l c i t e ,  3) a u th ig e n ic  K- 
f e l d s p a r s ,  4) i l l i t e ,  5) q u a r tz  o v e rg ro w th s , 6) i l l i t e  (seco n d  
g e n e r a t io n ) ,  7) k a o l i n i t e ,  8) c h l o r i t e ,  and 9) s a d d le  d o lo m ite . 
A n h y d rite  and c a l c i t e  w ere form ed v e ry  e a r ly  d u r in g  th e  h i s t o r y  
o f  th e  ro ck s  and p ro b a b ly  w ere s y n d e p o s i t io n a l .  I l l i t e ,  k a o l i ­
n i t e ,  K - fe ld s p a rs ,  and q u a r t z  o v e rg ro w th s  were form ed in  th e  
m ix ing  zone depend ing  on th e  K+/H+ and H^SiO^ a c t i v i t y  o f  th e  
s o lu t i o n s .  F e -d o lo m ite  cem ent was a l s o  form ed in  th e  m ix in g  
zone . D o lom ites in  th e  c l a s t i c  f a c i e s  a re  r i c h  in  Fe and Mn 
com pared to  th o s e  in  th e  c a rb o n a te  f a c i e s .  I t  i s  s u g g e s te d  
t h a t  th e s e  d i f f e r e n c e s  w ere cau sed  by th e  h ig h  r a t e  o f  c l a s t i c  
s e d im e n ta tio n  and w e a th e r in g  in  th e  so u rc e  a r e a .  C h l o r i t e  and 
s a d d le  d o lo m ite  on th e  o th e r  hand w ere formed a t  d e e p e r  b u r i a l  
and s a d d le  d o lo m ite  was p ro b a b ly  th e  l a s t  cem ent t o  fo rm .
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The m ain d ia g e n e t i c  f e a t u r e s  o b se rv e d  in  th e  c a rb o n a te  
f a c i e s  w ere d o lo m i t i z a t io n ,  c a l c i t e  c e m e n ta tio n , and s a d d le  
d o lo m ite . S e l e c t iv e  d o lo m i t i z a t io n  o f  o o l i t i c  g r a in s to n e s  
and b u r r o w - f i l l s  a l s o  c a u se d  m o tt l in g s  in  th e  r o c k s .  Dolom i­
t i z a t i o n  p ro b a b ly  to o k  p la c e  in  th e  m ix ing  zo n e . However, 
d o lo m i t iz a t io n  was p rec e d e d  by a p e r io d  o f  e v a p o ra tio n  w hich 
r e s u l t e d  in  th e  p r e c i p i t a t i o n  o f  c h e r t  and a u th ig e n ic  q u a r t z .  
S t y l o l i t i z a t i o n  a l s o  cau se d  th e  d o lo m i t iz a t io n  and m o t t l in g  o f  
th e  ro c k s  in  a r e a s  a d ja c e n t  t o  th e  s t y l o l i t e s  s u r f a c e s .
F ib ro u s  c a l c i t e  cem ent \m.s form ed in  th e  m a r in e - p h r e a t ic  
zone . B locky c a l c i t e  cem en t, s y n ta x i a l  rim s a round  ech inoderm  
f ra g m e n ts , and f r a c t u r e - f i l l i n g  s p a r r y  c a l c i t e  w ere p ro b a b ly  
p r e c i p i t a t e d  in  th e  f r e s h w a te r  p h r e a t i c  zone.
S ad d le  d o lo m ite , a s  in  th e  c a se  o f  c l a s t i c  f a c i e s ,  was 
p ro b a b ly  th e  l a s t  cem ent t o  fo rm .
I t  i s  s u g g e s te d  t h a t  some o f  th e  g l a u c o n i t i c  d o lo m ite s  
w ere o r i g i n a l l y  g l a u c o n i t i c  c la y s  t h a t  w ere d o lo m it iz e d . I l l i t i c  
c la y s  in  th e s e  se d im e n ts  p ro b a b ly  a c te d  a s  c e n t r e s  f o r  th e  
d o lo m i t iz a t io n  (S w e tt, 1968 ).
I ro n  fo rm a tio n s  a r e  b e l ie v e d  t o  b e , a t  l e a s t  i n  p a r t ,  
th e  r e s u l t  o f  f l u c t u a t i o n s  in  th e  d ia g e n e t i c  en v iro n m en ts  w hich 
le d  to  th e  o x id a t io n  o f  th e  g la u c o n i te s  and th e  p r e c i p i t a t i o n  
o f  i ro n  o x id e s ,  th e  fo rm a tio n  o f  f ib r o u s  c a l c i t e ,  and u l t im a te ly  
th e  d o lo m i t iz a t io n  o f  th e  w hole ro c k .
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H O W  TO READ A  WESTERN CANADIAN MAP
T he P fd if i t  P fo v in c c i « rc  d iv id e d  n o r th  e n d  
jo u th  in to  five e rce s  j e p e r a lc d  by  m erid ian* . The 
firjt m e rid ia n  is in M a n ito b a ,  th e  fo u rth  o n  th e  
S e s k e tc h e w a n -A ib c r ta  b o u n d a ry  a n d  th e  fifth in  
W e s te rn  A lb e r ta .  T he a re a  b e t w e e n  m erid ian s  
IS d iv id e d  in to  ran g es  e a c h  6  m iles w id e  a lso  ru n ­
n in g  n o r th  a n d  so u th . Each ra n g e  is c ro s s -d iv id e d  
b y  to w n s h ip  lin es  w h ic h  ru n  ea st a n d  w e s t  six 
m iles a p a r t ,  to  form  to w n sh ip s  six m iles s q u a re  ( 3 6  
s q u a re  m iles o r  3 6  se c t io n s ) . N o .  1  to w n s h ip  
is at th e  In te rn a tio n a l B o u n d a ry .
The 3 6  sec tio n s  in a to w n s h ip  a re  e a c h  g iv en  a 
nu m b er w h ic h  a rc  a r ra n g e d  as fo llo w s :
Each sec tio n  c o n ta in s  6 4 0  ac re s  a n d  it d iv id e d  
in to  1 6  L eg a l S u b d iv is io n s  e a c h  c o n ta in in g  4 0  
ac res. The legal su b d iv is io n s  in  ea c h  s e c tio n  a re  
n u m b e re d  as fo llo w s :
D i v i s i o n s  O f  A SECTION INTO 
L E G A L  S U B - D I V I S I O N S  ( I s d )
DIVISION OF A TOWNSHIP INTO SECTIONS /  
RANGE
31 32 33 34 35 1
30 29 28 27 25 25
19 20 21 22 23 24
18 17 18 15 14 13
7 8 9 10 11 12
6 5 4 3 2 1
13 14 15 16
12 11 10 9
5 6 7 8
4 3 2 1
6 /
TV? 7
TWP d
TWT 5
TWP 6
twp a
A  m ap re fe re n c e  is g iven  as fo llo w s : L.S.D. 5 , 
S e c t io n  2 2 -S 0 -2 6 , W .4  ( lo c a t io n  of Im peria l N o .  
1 w e ll  in  the L e d u c  fie ld ). T o  o b ta in  this lo c a ­
tio n  find th e  4 th  m erid ian  ( o n  th e  S a sk a tc h e w a n - 
A lb e r ta  b o u n d a ry )  a n d  m ove w e s t  to  R ange 2 6  
(just w e s t of E d m on ton ). L o c a te  to w n s h ip  5 0  
( th re e  to w n s h ip s  so u th  o f  E dm on ton ). S e c tio n  
2 2  can  b e  fo u n d  n ea r th e  c e n tre  of th e  to w n s h ip , 
b y  m eans o f th e  s c h e d u le  g iv e n  a b o v e  a n d  L.S.D. 5 
o n  the  w e s t side of th e  s e c tio n  b y  th e  sam e m eans.
C o u r t e s y ,  James R ic h a rd s o n  & Sons
U.S.A.
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SAMPLE IDENTIFICATION
SAMPLE NO. DEPTH FORMATION
2 — 16 — ï i ô  — 22W4
1 6 6 2 1  ' D e ad w o o d
2 6 63 1 ' f  1
3 6 6 3 5 . 5 ' f  !
4 6 6 4 0  ' ! t
1 2 - 3 6 - 5 9 - 1 5 W 5
5 1 0 1 8 9 ' D e a d w o o d / S u l l i v a n
6 1 0 1 9 2 ' /  f
7 1 0 1 9 5 ' f  /
8 1 0 1 9 7 • / /
9 1 0 2 0 1 ' t  f
10 1 0 2 0 5 • t  9
11 1 0 2 0 8 ' /  /
12 1 0 2 1 4 ' /  /
13 1 0 2 1 6 . 5 ' /  /
14 1 0 2 1 9 . 5 ' t  /
15 1 0 2 2 6 ' f  /
16 1 0 2 2 9 • / /
17 1 0 6 8 4 ’ S a k w a t a m a u  Mem.
18 1 0 6 9 4 '
19 1 0 7 0 0 *
20 1 0 7 0 2 '
21 1 0 7 0 5 '
22 1 0 7 0 6 '
23 1 0 7 1 2  «
24 1 0 7 1 8 '
25 1 0 7 2 3  '
26 1 0 7 2 7 •
27 1 0 8 1 2 '
28 1 0 8 1 9 '
29 1 0 8 2 4 '
30 1 0 8 2 8 ' /  /
31 1 0 8 4 1 ' /  /
32 1 0 9 2 8 ' S t e p h e n
5 - 3 5- 62 - 18W 5
33 1 0 2 8 9 ' U. L y n x
34 1 0 2 9 1  "
35 1 0 2 9 3 . 5 '
36 1 0 2 9 5 '
37 1 0 2 9 7  ' / /
38 1 0 5 0 9 , 5 ' D e a d w o o d / S u l l i v a n
39 1 0 5 1 5 . 5 '
40 1 0 5 2 3 '
41 1 0 5 2 9 '
42 1 0 5 4 0 ' W a t e r f o w l
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SAMPLE NO. DEPTH FORMATION
43 1 0 5 4 2 ' W a t e r f o w l
44 1 0 5 4 5 . 5 ' t /
45 1 0 5 4 7 ' / /
46 1 0 5 5 3 ' / /
47 1 0 5 6 0 . 5 ' /  9
48 1 0 5 6 3 . 5 ' 9 9
49 1 0 5 6 5 '
50 1 0 5 6 8  '
51 1 0 5 7 3 '
52 1 0 5 7 9 . 5 ' 9 9
53 1 0 5 8 3 ' 9 9
54 1 0 5 8 8 ' 9 9
55 1 0 5 9 1 ' t  9
55a 1 0 5 9 8 • A r c t o m y s
56 1 0 5 1 2  '
57 1 0 6 2 9 '
58 1 0 6 7 8 ' P i k a
59 1 0 6 8 3 '
60 1 0 8 8 5 . 5 ' S a k w a t a m a u  Mem.
61 1 0 8 8 8 '
62 1 0 8 9 1 ' / 9
63 1 0 8 9 3 ' 9 9
64 1 0 8 9 6 ' 9 9
65 1 0 8 9 8 ' 9 9
6 6 1 0 9 0 1 ' 9 9
67 1 0 9 9 4 ' 9 9
68 1 0 9 9 8 . 5 ’ 9 9
69 1 1 0 0 5 ' 9 9
70 1 1 0 0 8 ' 9 9
71 1 1 0 1 2 '
72 1 1 0 1 4 '
73 1 1 0 1 8 '
74 1 1 0 2 0 '
75 1 1 0 2 3 . 5 ' 9 9
76 1 1 0 2 7 . 5 ' 9 9
77 1 1 1 3 1  • M o u n t  W h y te
78 1 1 1 3 5 '
79 1 1 1 4 5 '
80 1 1 1 4 5 ' / 9
81 1 1 1 6 7 . - 5 ' 9 9
82 1 1 1 7 9 ' 9 9
83 1 1 2 0 2 '
84 1 1 2 1 0 '
85 1 1 2 2 0 '
86 1 1 2 3 1 ' 9 9
87 1 1 2 3 3 ' 9 9
88 1 1 3 2 0 ' B a s e m e n t .
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SAMPLE NO, DEPTH FORMATION
5 - 2 9 - 6 2 - 1 W 5
90 7 2 4 8  ' S a k w a t a m a u  Mem.
91 7 2 5 1  ' t  f
92 7 2 5 4 . 5 ' / /
93 7 4 2 1 . 5 ' B a s a l  S a n d s t o n e
94 7 4 2 6 . 5 ' 1 I
95 7 4 3 2 ' 1 t
96 7 4 7 4 ' B a s e m e n t
1 0- 31 -54 -12 W5
97 1 0 2 0 7 ' P i k a
98 1 0 2 1 2 ' / !
99 1 0 2 1 4 ’ t  f
100 1 0 2 1 6 ' / r
101 1 0 2 2 1 ' t  f
102 10224 ' f  t
103 1 0 2 2 7 ' / /
104 1 0 2 3 0 ' /  !
105 1 0 2 3 3 ' t  t
106 1 0 2 3 8 ' 1 /
8 - 1 7 - 5 3 - 2 1 W 4
107 7 4 5 2  ' S a k w a t a m a u  Mem.
108 7 4 6 0  ' / /
109 7 4 6 6  ' /  /
110 7 7 2 6 ' B a s a l  S a n d s t o n e
111 7 7 2 8
112 7 7 9 9 B a s e m e n t
1 5 - 2 9 - 5 5 - 1 7 W 5
113 1 2 2 2 4 ' U p p e r  L y n x
114 1 2 2 3 1 ' / 9
1 1 5 1 2 2 3 3 ' 9 9
116 1 2 2 3 9 ' 9 9
117 1 2 2 4 3 ' 9 9
118 1 2 9 3 3 ’ S a k w a t a m a u  Mem.
119 1 2 9 3 5 ' 9 9
120 1 2 9 3 9 ' 9 9
4 - 1 2 t 15- 27W4
89 1 0 6 2 1 ' P i k a
121 1 0 6 2 7 ' 9 f
122 1 0 6 2 9 ’ ' 9 9
123 1 1 1 8 5 ’
124 1 11 88 ' E l d o n
125 11192■ /  /
126 1 1 4 4 4  ' C a t h e d r a l
127 1 1 4 4 7 '
128 1 1 6 1 5 ' M o un t  W h y te  
1 1129 1 1 6 2 3 . 5 '
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SAMPLE NO. DEPTH FORMATION
4-12-15-27W4 (cont'd)
130 11629
131 11633
132 11641
133 11643
134 11685
135 11689
136 11696
137 11701
138 11707
139 11714
140 11720
141 11740
142 11744
143 11749
144 11750
145 11756
146 11759
147 11764
148 11771
149 11776
150 11778
151 11783
152 11788
153 11790
154 11793
155 11796
156 11832
M o u n t  W h y te
B a s a l  S a n d s t o n e
B a s e m e n t
8 - 1 7 - 5 0 - 2 6 W 4
157  7 9 9 1
158  8 0 0 0
159  8 0 0 1
160  8 6 4 4
161  8 6 4 7
162  8 7 1 3
163  8 8 6 4
164  8 8 7 1
165  8933
166  8938
167  8 9 5 2
1 6 8  8958
1 6 9  8968
1 7 0  8 9 7 2
171  8 9 7 8
172  8 9 8 4
17 3  8 9 8 7
D ead w o o d
S t e p h e n
B a s a l  S a n d s t o n e
B a s e m e n t
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SAMPLE NO. DEPTH
1 - 3 4 - 5 7 - 2 2 W 4
174 6 8 7 4  •
175 6 8 8 1  '
176 6 8 8 5 '
17 7 7 0 1 8 '
178 7 0 3 0  '
179 7 0 4 3  '
180 7 0 4 8  '
181 7 0 5 5 '
182 7 0 5 7 '
183 7 0 6 1  '
184 7 0 6 6  '
185 7 0 6 9  '
6 - 3 6 - 6 3 - 1 2 W 5
186 9 6 1 2 '
187 9 6 1 5 '
188 9 6 2 1  '
189 9 6 2 5 '
190 9 6 2 9  '
191 9 6 3 6  '
192 9 6 4 4  '
193 9 6 5 0  '
194 9 6 5 2 '
195 9 6 5 6  '
196 9 6 5 9  '
197 1 0 0 0 8 '
198 1 0 0 1 1 '
199 1 0 0 1 8 '
200 1 0 0 2 7 '
201 1 0 0 3 2 '
202 1 0 3 9 2 .
203 1 0 3 9 9 '
204 1 0 4 0 5 '
205 1 0 4 1 1 '
206 1 0 6 9 7
1 3 - 1 7 - 6 7 - 2 3 W 4
207 6 1 7 5  '
208 6 1 7 9 . 5
209 6 1 8 3  '
210 6 1 8 8  '
211 6 3 2 2 '
212 6 3 2 7  '
213 6 3 3 3  '
214 6 3 3 6 '
215 6 3 3 8  '
216 6 3 4 0 . 5
FORMATION
S a k w a t a m a u  Mem 
/  /
/  /
S t e p h e n
f  r
M o u n t  W h y te
r /
/  /
/  /
/  /
/  /
U p p e r  L y n x
P i k a
S a k w a t a m a u  Mem
B a s e m e n t
D e ad w o o d  ( a )
B a s a l  S a n d s t o n e
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Sample NO. DEPTH FORMATION
16-20-65-20W5
217 10060'
218 10072
S ullivan /D eadw ood
1 t
6-36-19-1W4
219
220 
221
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
16-29-1-11W4
243
244
245
246
247
248
249
250
251
252
253
254
255
256
2169.5m 
2170.0m 
2171.3m 
2172.2m 
2173.5m 
2174.3m 
2174.9m 
2175.0m 
2175.5m 
21 7 6 .Om 
2176.5m 
2177.2m 
2178.1m 
2179.5m 
2180.0m 
2181.1m 
2183.0m 
2183.3m 
2184.0m 
2185.5m 
2186.0m 
2186.8m
5910'
5914'
5 9 1 5 .5 '
5919'
5921'
5 9 2 3 .5 '
5928'
5930'
5933'
5936'
5 9 4 0 .5 '
59%3
5946
5 9 4 7 .5 ’
Mount Whyte
B asa l  S a nds tone
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SAMPLE NO. 
1-27-60-26W4
257
258
259
260 
261 
262
263
264
265
266
267
268
269
270
DEPTH
7391
7392
7397
7398 
7403
7405
7406 
7410
7416
7417 
7420
7425
7426 
7431
FORMATION 
Mount Whyte
t  I
B asa l S an d s to n e
